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DESCRIPTION 
METHODS OF PREPARI NG NUCI Fir ACIDS FOR 
MASS SPECTROMETRY ANALYSIS 
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CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. Application Serial No. 60/032.369 filed 
December 2. 1996 and U.S. Application Serial No. 08/759.993 filed December 2. 1996 which is 
a continuation-in-part of U.S. Application Serial No. 08/715,582 filed September 19, 1996. 

INTRODUCTION 

Approximately 4.000 human disorders are attributed to genetic causes. Hundreds of 
genes responsible for various disorders have been mapped, and sequence information is being 
accumulated rapidly. A principal goal of the Human Genome Project is to find all genes 
associated with each disorder. The definitive diagnostic test for any specific genetic disease (or 
predisposition to disease) will be the identification of polymorphic variations in the DNA 
sequence of affected cells that result in alterations of gene function. Furthermore, response to 
specific medications may depend on the presence of polymorphisms. Developing DNA (or 
RNA) screening as a practical tool for medical diagnostics requires a method that is inexpensive, 
accurate, expeditious, and robust. 

Genetic polymorphisms and mutations can manifest themselves in several forms, such as 
point polymorphisms or point mutations where a single base is changed to one of the three other 
bases, deletions where one or more bases are removed from a nucleic acid sequence and the 
bases Hanking the deleted sequence are directly linked to each other, insertions where new bases 
are inserted at a particular point in a nucleic acid sequence adding additional length to the overall 
sequence, and expansions and reductions of repeating sequence motifs. Large insertions and 
deletions, often the result of chromosomal recombination and rearrangement events, can lead to 
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type ■ . <*ange .o screen for ^ detect „ fc ^ po|ymwph . ^ . ( 
smallest degree of molecular change. 

Although a number of genetic defKts . h |jnked (o a spK . fic s . ng|e 

J*" ™ ** 5iCkk -» - «— * a wide spec,™ of afferent muta , ions 

rST T . A * pic " gaK *" ta 4 could 56 *» >*» » 

KX.,000 base, . ,e„ glh , though smuller mi ^ genes do ^ 

a te. of the oase p*. ectually encofe the prolein . ^ ' 

reg,ons are * exons a„ d the remainder of *e 8 e„e is refcrre d ,„ as imroo, Of these two 

*P« of regions, exons often contain ,„e most impo[ta „, „ be ^ 

complex process have been developed for scaraii „ g genes in Mder „ ^ 

These procedures are applicable to both exons and introns. 

In .eons of m use. most of the medrods to scan or screen genes employ s ,ab or 
c pUlary ge, electrophoresis fo, the separation an d detection step in ,he assays Oe, 
eectrophoresis of nucleic aci d s pronely provides relative size information based on mobiIiIy 
Urrough ft. ge, matrix, .f cahbration standards a. employed, gel elecophoresis can be use d to 
measure absolute a„ d re,a,ive molecular weights of ,arge b.omolecules wi.h son* moderate 
degree of accuracy; even rhen , ypi ca„ y lhe acc„rac y is on, y s* to ,0%. Also the molecular 
wetgh, resolution is limited. ,„ cases where two DNA fragmems with the identical number of 
base pans can be separated using high concennarion polyacrylamidc gels, it is stil, no, possible 
to tdetutf, which ban. on a ge, corresponds ,„ which DNA fragme „, ^ ^ 
secondary ,abe,i„g experiments. Thus, ge, electrophoresis technics can o„, y determine siae 
and cannot provide an y information about changes in base condition or sequence without 
performing more complex sequencing reactions. Oe,.base d techniques, for the tnos, par, are 
dependent on labeling or staining methods , 0 visualia and discrjroi „ ale ^ ^ 
nucleic acid fragments. 

All of the methods in use ,oda y capable of screening broadly fo, genetic polymorphisms 
suffer from .echnical contp,ica,ion an. m , ab or a„ d t im e intensive. Single ^ 
conformed polymorphism (SS CP, (Onta e, a,., 1989 , denatoi „ e 8radienl 
electrophoresis (DOGE, (Abrams e, «,.. IM0) , chemical c ,e ava6c „ m ^ ^ ^ 
and Conon, .993). enzymetic mismatch cleavage (EMC) (Youil e, ,„ 5 ), an d -cleavasc" 
fragment lengU, polymorphism ,CFLP, proeedums a* currently ge,.base d , making them 
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cumbersome to automate and perform efficiently. There is a need for new methods that can 
prov.de cost effective and expeditious means for screening genetic material in an effort to reduce 
medical expenses. 

The late I980's saw .he nse of .wo new mass spearomerte .echniques for successfully 
messurmg .he masses of imac, very large biomolecules. namely, maWx.assis.ed laser 
desorpdon/ionizadon (MALDI) .imcof-fligh. mass speorometry (TOF MS) (Tanaka e,a!. 
1988; Spengler «< ,989) and elechospray i„nizaUon (ESI) combined wi<h a variety of mass' 
analyzers (Fennero,, ,989). Bo.h of mese memods am suiuble for genenc seining ,es« The 
MALDI mass specuomettic .echnique can also be used with memods omer man .ime-oMligh, 
for example, magnedc seaor, Fourier-mnsform ion cyclmron reS ommce. quadrupole and 
quadrupole unp. One of me advances in MALDI analysis of polynucleoddes was me discoverv 
ofMydrnxypicolinic acid ("3-HPA") as a mauix for rn.xed.baae oligom.cieo.ides (Wu. „„,.. 

MALDI-TOF MS involves tar pulses focused on a small sample platt comprising 
an,ly,e molecules nucleic acids) embedded in eimer a solid or liquid mauix which is 
.yp.cally a small, highly absorbing ma.eria!. The laser pulses .mnsfer energy «„ me mauix 
causmg a uucroscopic amadou and concomnan. ioniaauon of ,he analy* molecules, producing a 
gaseous piume of i ntaa , charged nucleic Kjds .„ ^ [f ^.^^ 

nucle,c acids am analyzed, ,he MALDI-TOF MS .ypically result in mos.lv denamred single- 
suand de.ec.ion. The ions genenued by .he laser pulses are accelenned «, a fixed ki„e,ic energy 
by a snung elearic field and men pass Uuough an elecic field-free mgion in vacuum, uaveling 
w..h a velocny spending 10 , heir respecIive „ fa ^ ^ fc ^ 

m/z ». wi.l uave, duough me vacuum region fas.er man me larger m/z ions U,emby causing a 
aepamdo, Al te end of .he elecric field-ftee mgion, ,he ions collide wi,h a de.ec.or .ha. 
gene-a.es a signal as each se. of ions of a particular mass-,o-charge mUo sdikes me de.ec.or 
Usually for a given ^ l0 , 0 )00 ^ ^ ^ .^.^ ^ ^ ^ 

summed .ogemer m make a single compose mass spec,™ wi.b an improved sig„al-,o-„„ise 
ratio. 

The mass of an ion (such as a chafed nucleic acid) is measured by using its veloci.y .o 
dc.enu.ne ,h= mass-charge redo by .ime-of-fiigh, ana.ysis. In o,her words, the mass of .he 
molecule direcUy conola.es wi,h ,he ,ime i, mkea ,o .ravel from ,he sample p,a,e ,„ d,e de.ee.or 
The enure process ukes only microsecond, !» an au,oma,ed apparadas. reus t0 hundreds of 
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samples can be analyzed per minute. In addition to speed, MALDI-TOF MS has one of the 
largest mass ranges for mass spectrometric devices. The current mass range for MALDI-TOF 
MS is from 1 to 1,000,000 Daltons (Da) (measured recently for a protein) (Nelson erai, 1995). 

The performance of a mass spectrometer is measured by its sensitivity, mass resolution 
and mass accuracy. Sensitivity is measured by the amount of material needed; it is generally 
desirable and possible with mass spectrometry to work with sample amounts in the femtomole 
and low picomole range. Mass resolution, m/Am, is the measure of an instrument's ability ,o 
produce separate signals from ions of similar mass. Mass resolution is defined as the mass m of 
an ion signal divided by the full width of the signal, Am. usually measured between points' of 
half-maximum intensity. Mass accuracy is the measure of error in designating a mass to an ion 
s.gna.. The mass accuracy is defined as the ratio of the mass assignment error divided by the 
mass of the ion and can be represented as a percentage. 

To be able to detect any point polymorphism directly by MALDI-TOF mass 
spectrometry, one would need to resolve and accurately measure the masses of nucleic acids in 
which a single base change has occurred (in comparison to the wild type nucleic acid) A single 
base change can be a mass difference of as little as 9 Da. This va.ue represents the difference 
between the two bases with the closest mass values. A and T (A = 2'-deoxyadenosine-5'- 
phosphate = 313.19 Da; T- 2'-deoxythymidine-5'-phos P hate = 304.20 Da- G =2'- 
deoxyguanosine-5'.phosphate = 329.21 Da; and C = 2'-deoxycytidine-5 - P hosphate = 289.19 Da). 
If during the mutation process, a single A changes to T or a single T to A, the mutant nucleic 
acd contaimng the base transversa will either decrease or increase by 9 Da in total mass as 
compared to the wild type nucleic acid. For mass spectrometry to directly detect these 
transversa i, must therefore be able to detect a minimum mass change. Am, of approximately 



9 Da. 



For example, in order to fully resolve (which may not be necessary) a point-mutated 
(A to T or T to A) heterozygote 50-base single-stranded DNA fragment having a mass, m, of 

- 15.000 Da from its corresponding wild type nucleic acid, the required mass resolution is m/Am 

- 15.000/9 * 1,700. However, the mass accuracy needs to be significantly better than 9 Da to 
increase quality assurance and to prevent ambiguities where the measured mass value is near the 
half-way point between the two theoretical masses. For an analyte of 15,000 Da, in practice the 
mass accuracy needs to be Am - ±3 Da = 6 Da. In this case, the absolute mass accuracy required 
is (6/.5W100 = 0.04%. Often a distinguishing level of mass accuracy relative to another 
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. known peak in the spectrum is sufficient to resolve ambiguities. For example, if there is a known 
mass peak 1000 Da ftom the mass peak in question, the relative position of the unknown to the 
known peak may be known with greater accuracy than that provided by an absolute, previous 
calibration of the mass spectrometer. 

In order for mass spectrometry to be a useful tool for screening for polymorphisms in 
nucle.c ac.ds. several basic requirements should be met. First, any nucleic acids to be analyzed 
should be purified to minimize the presence of salt ions and other molecular contaminants 
These unpurities may reduce the intensity and quality of the mass spectrometnc signal to a point 
where either (i) the signal is undetectable or unreliable, or (ii) the mass accuracy and/or 
resoluuon ,s below the value necessary to detect the type of polymorphism expected. Second 
the s.ze of the nucleic acids to be analyzed should be within the range where there is sufficient 
mass resolution and accuracy. Mass accuracy and resolution significantly degrade as the mass of 
the analyte increases. Currently, the detection of single nucleotide polymorphisms (SNPs) above 
sa,d mass value is difficult above a mass of approximately 30,000 Da for oligonucleotides (~ 100 
bases). Third, because all molecules within a sample are visualized during mass spectrometnc 
analyse (i.e. it is not possible to selectively label and visualize certain molecules and not others 
as one can with gel electrophoresis methods), nucleic acid samples should be partitioned prior to 
analysis to remove unwanted nucleic acid products from the spectrum. Fourth the mass 
spectrometry methods for generalized nucleic acid screening must be efficient and cost effective 
m order to screen a large number of nucleic acid bases in as few steps as possible. 

The methods for detecting nucleic acid polymorphisms known in the art do not satisfy 
these four requirements. For example, current methods for mass spectrometry analysis of DNA 
fragments have focused on double-stranded DNA fragments which result in complicated mass 
spectra, making it difficult to resolve mass differences between two complementary strands (see 
e.g.. Tang e/a/.. 1994). Thus, there is a need for cost and time effective methods of detecting 
genetic polymorphisms using mass spectrometry, preferably MALDI or ESI, and with mass 
accuracy of a few parts in 10,000 or better. 



SUMMARY OF THE INVENTION 

This invention provides novel methods and kits for the screen.ng of target nucleic acids 
and the identification of changes in base composition that might result from a genetic 
polymorphs. The present invention discloses novel processes focusing on the use of mass 
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spectrometry as a genetic analysis tool and employing the unique properties of mass 
spectrometry and MALDI-TOF MS. in particular, to separate different amplified single-stranded 
target nucleic acids and identify their mass exactly. Significantly, mass spectrometry requires 
only minute samples, provides extremely detailed information about the molecules being 
analyzed including high mass accuracy, and is easily automated. 

The present invention encompasses several embodiments, such as (1) procedures for 
reducing the length of target nucleic acids by removing one or more flanking polynucleotide 
reg 10 ns that ••flank," or are adjacent to or near, the regions of interest; (2) procedures for isolating 
e.ther smgle-stranded or double-stranded target nucleic acids for mass spectrometry analysis- (3) 
procedures combining these two aspects; and (4) kits for the methods described herein. 

The present invention encompasses several embodiments, such as (1) procedures for 
preparing a double-stranded target nucleic acid for mass spectrometric analysis; (2) procedures 
for determining the mass of target nucleic acids, where the target nucleic acid may be either 
single-stranded or double-stranded; and (3) kits for preparing a double-s.randed target nucleic 
acid for mass spectrometric analysis. It will be understood by those of skill in the art that where 
the nucleic acid is double-stranded, the two strands are complementary to each other and are 
connected via hydrogen bonds along the strands. 

An embodiment of the present invention encompasses a method of determining the mass 
of a target nucleic acid by mass spectrometric analysis. This method generally includes: 
.denufying a target nucleic acid; reducing the length of the target nucleic acid by cleaving at least 
a portion of one or more of the flanking regions to produce a reduced-length target nucleic acid- 
obtaining a single-stranded reduced- length targe, nucleic acid; and determining the mass of the 
single-stranded reduced-length target nucleic acid using a mass spectrometer. Typically, the 
target nucleic acid will contain a region of interest and one or more flanking regions. 

A preferred embodiment encompasses amplifying the target nucleic acid prior to reducing 
the length of the target nucleic acid to produce an amplified target nucleic acid. The amplified 
target nucleic acid may be subsequently reduced in length and obtained in single-stranded form, 
free of its complement, for mass spectral analysis. The target nucleic acid may be amplified by 
any method known by one of skill in the art. for example, polymerase chain reaction («PCRtm», 
with PCRtm being a preferred ^plifMUon method. These methods are well known by those of 
skill in the art. 
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It is contemplated Om one of skit, in the ar, raav ^ matmk of ^ ^ 
analyae more than one ta^e, „uc| eic aci(i simulOlK011s|)l As used herein V will be 
understood ,o mean one or moK . ^ ^ ^ ^ ^ ^ fc ^ ^ 

•wo, ,hme, four, five or more urge, nucleic acids. Aspecs of .his invennon, themfore, include 
detenmnmg the - of one single-smmded mduced-lengm .arge, nucleic acid as well as 
detenmnmg the masses of multiple singlcstmnded reduced-langm large, nucleic acids 
snounaneouslv or in sentdim. Where the masses of muhiple single-suanded mduced-lengm 
.arge. nucleic acids am being defined, each of me Urge, nucleic acids may he reduced in 
lengd, by me same or a different method. Similarly, me single-stmnded mduced-length target 
nuclcc acids may be obtained from the reducad-lengm Urge, nucleic acids by the same or 
different methods. For ellample , if lwo ^ nuc|ejc ^ ^ ^ ^ ^ 

analyse then these ,w„ ttnge. nucleic acids may bo,h be reduced in length by an endonuclease 
or one may be reduced in ,e„g,„ by an endonuclease and the other by cleaving a. a chemicafly 
cleavable site, and so on. 

The urge, nucleic acids encompassed by ,his invenfion will generally comain a region of 
.meres, and one or mom flawing mgions. A "region of imeres," refer, to me mgion f„ r „ hich 
one ts mtemsted in defining ,he mass. For example, when me methods disclosed in this 
mvennon are employed ,o de,ee, „, screen for polymorphisms. ,he region of interns, would be 
Ihe regton containing, or that is suspected of containing, a polymotphism. The flawing mgions 
are the pontons of DNA sequence on either aide of the region orinteresl. 

For embodiments employing PCRtm pnmers and polymerases to amp.ify a targe, nucleic 
acd. the prtmer is often complemenuty ,o a ponion of 0X or mom flanking regions of the 
nucleic acid ,„ allow me prtmer to effectively anneal ,„ the mrget nucleic acid and provide a she 
,o extend a complement to me target nucleic acid via PCR™. Wore. f„, me memods 
comprising amplification, i, i s prcfemd , hal „ lmt mc „ fte p ^ , 

pomon of a flanking mgion that is preferably adjacent ,„ or close to the Hynuc.eo.ide mgion of 

interest, generally within 40 nucleotides. 

When dm memods of mis invemion am used ,„ de.ec. a polymorphism. ,he urge, nucleic 
acds employed in .his invemion ma, include any polynucleoflde sequence ma, contain or is 
suspected of containing a polymotphism. including bo, no, limited ,„ shon taodem mpeats 

STRs, stmple sequence length polymotphism, (SSLP,, single „„ cle o,ide polymmphisms 
(SNPs), and any of a muldtude of disease markers, for example, markers for sickle cel. anemia 
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fragile X disorder, cystic fibrosis, Tay Sachs disease, Gaucher disease, thalassemias, and cancer- 
related gene, While the target nucleic acids for use in conjunction with the present invention 
may be double- or single-stranded, it is preferable that the nucleic acids be obtained in single- 
stranded form, free of its complementary strand prior to MS analysis. These single-stmnded 
target nucleic acids may be any size that can be adequately resolved by mass spectrometry 
analysts. Preferably, in cases where a SNP is to be detected, the final product single , tranded 
amplified target nucleic acids are less than about 100 bases in length. More preferably the final 
product, single-stranded amplified target nucleic acids are from about 10 to 90 bases in length 
As used in this context, "about" means anywhere from ± 1 to 10 base pairs, and all the integers in 
between, for example, ±1, ±2, ±3, ±4, ±5, ±6, ±7, ±8, ±9, or ±10 base pairs. 

However, one of ordinary skill in the art will appreciate that as mass spectrometry 
techniques for analysis of nucleic acids improve, the sizes of single-stranded amplified target 
nuclcc acids useful in this invention can be increased. The nature of the mutation to be detected 
.s also a factor in the size limitations for optimum mass resolution. For example, as described 
above for SNPs, the maximum size limit may be approximately 100 nucleotides in length 
However, for microsatei.ite repeats and other two nucleotide repeats, the maximum size limit 
may be approximately 200 nucleotides in length, and the maximum size limit for four-nucleotide 
repeats may be approximately 300 nucleotides. 

The target nucleic acids of this invention may be either double-stranded or single- 
stranded. As used herein, the phrase "obtaining a single-stranded reduced- length target nucleic 
actd" refers to isolating a single-stranded nucleic acid free from its complement for purposes of 
mass spectral analysis. Where the target nucleic acid is single-stranded, it will be understood by 
those of skill in the art that no further steps are required to obtain the single-stranded reduced- 
length target nucleic acid from the reduced-length target nucleic acid. However, where the target 
nucleic acid is double-stranded, one of the two complementary strands must be separated or 
.solated from the other such that only one of the two strands is subjected to mass spectrometry 
e.g., by binding one of the strands to a solid support, denaturing the double-stranded nucleic acid 
and isolating either the bound or unbound strand free from its complement. This allows for 
greater mass resolution, simplifies the spectrum, and eliminates the collection of cumulative 
information. 
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The tern, complementary refers to the formation of sufficient hydrogen bonding between 
two nucleic acids to stabilize a double-stranded nucleotide sequence formed by hybridization of 
the two nucleic acids. 

The methods for reducing the length of target nucleic acids eliminate unnecessary 
sequences and reduce the mass of the resulting single-stranded or double-stranded target nucleic 
acids, resulting in increased mass resolution and accuracy. 

Exemplary methods of reducing length include: cleaving at endogenous restriction 
endonuclease cleavable sites present in one or more flanking regions but absent in the region of 
.merest; cleaving at restriction endonuclease cleavable sites which are at or adjacent to restriction 
endonuclease recognition sites incorporated into one or more of the flanking regions where the 
cleavable sites are introduced into the flanking regions using of one or more cleavable primers 
contammg restriction endonuclease recognition sites within their sequences; cleaving at a 
combination of restriction endonuclease cleavable sites where the sites are endogenous and/or 
mtroduced using mismatch or overhanging primers; selective digestion of one or more flanking 
reg,ons using exonucleasc and an exonuclease blocking moiety to protect the regions of interest 
from digestion; and chemically cleaving at a chemically cleavable site. For embodiments where 
cleavable sites are employed, the cleavable sites are often located in or near a flanking region 
However, the target nucleic acids may be reduced in length by any of the methods known bv 
those of skill in the art for cleaving within one or more flanking regions preferably without 
cleaving within the region of interest. 

Another aspect of the invention involves the use of cleavable primers to reduce the length 
of an amplified target nucleic acid. An amplified target nucleic acid may be reduced in length by 
cleaving at least a portion of one or more of the flanking regions having a cleavable site In this 
context, the cleavable site may be introduced via a cleavable primer and may be located outside 
of the region of interest. Cleavable primers of the invention may include those having an 
exonuclease blocking moiety, a Type IIS restriction endonuclease recognition site, a Type II 
restriction endonuclease recogniuon site, and sites capable of being chemically cleaved. 

The restriction endonucleases employed with the present invention may include type II 
and type IIS restriction endonucleases. The restriction endonuclease recognition sites may be 
etther within a primer region, or outside the primer region, so long as the restriction 
endonuclease cleavable sites are within or near one or more of the flanking regions. The 
restnctton endonuclease recognition sites are preferably not within a region of interest. For type 
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II rearicion endonucleases, rh* reaction endonuclease recognition silo is Ac same as d* 
reanoron endonuclease cleavable she. For Type IIS resuietion endonucleases, the cleavable sire 
,s a. a defined disunce away from one side of the recogni.ion sitt . ^Uy from abon, ,4 ,„ abou, 
20 base parrs away. Thns. if the Type IIS recognirion site is comained within a flanking region 
.he endonuclease cleaving sire m« be wirhin abou, 20 bases of Ura, flanking region and is 
profitably wirhin 14 abon, bases of ,ha, flanking region. Thus, ,he K rm W as employed in 
this aspect of the invention means "within about 20 bases." 

Another embodiment of the invention involves reducing the length of an amplified target 
nucle,c acid and isolating a single-stranded amplified target nucleic acid at the same time by 
usmg a cleavable primer having an exonuciease blocking moiety. After amplification of the 
target nucleic acid, the amplified target nucleic acid will include an exonuciease blocking 
motety. The amplified target nucle.c add is then treated with a 5' to 3' exonuciease. which 
degrades the strand containing the exonuciease blocking moiety in a 5' to 3" direction only up to 
the blocking mo.ety. The S> to y exonuciease may optionally degrade the other complementary 
strand of the amplified target nucleic acid, in cases where the other strand does not have an 
exonuciease blocking moiety. The treatment with the 5' to 3' exonuciease leaves a reduced- 
length, smgle-stranded amplified target nucleic acid for mass spectrometric analysis. 

Cleavable sites within cleavable primers may inc.ude chemically cleavable groups 
mcorporated within the phosphate backbone linkage replacement of phosphate with a 
Phosphoramidate) or as a substituent on or replacement of one of the bases or sugars of the 
ohgonucleotide primer (e.g. a modified base or sugar, for example, a more labile g.ycosidic 
linkage). Such chemically cleavable groups would be apparent to one of skill in the art in light 
of the present disclosure and include, for example, dialkoxysi.ane, 3'-(S)-phosphorothioate 5'- 
(S^phosphorothioate. 3'-(N> P hosphoroamidate, 5--(N)-phosphoroamidate, and ribose FIGS 
16A and 16B depict a 3'-(S)-phos P horothioate and 5--(S)- P hosphorothioa,e. respectively as 
defined m this invention. Note that these .inkages are often referred to as thiophosphates as well 
A snrnlar nomenclature is employed for 3--(N)-phos P horoamidate, 5'-(N)-phos P horoamidate. 
The chemically cleavable site should generally be stable under the ampiification. hybridization 
and washing conditions to be employed and is preferably within one or more of the flanking 
regions. 

In a preferred embodiment Ihe cleavable she is loca,ed near me 3' end of ,he primer used 
,0 b,nd ,he ampfified urge, nucleic acid ,o ,he solid support By locafing the cleavable sire near 
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■ 3 ' ^ " " P0SSibU '° **- —» *• "1* of the Rifled ^ nucleic Kid 
elmunaung a nuking region from te porynuclecid. region of interest. Cleavable prime, are' 
described in PCT/US96/06. ,6, filed April 26, 19% fmflMmi imh „ y nttma) 

According, cleavable prime* may contain one o, mom msuicdon sllM of 

one or more different restriction endonucleases; one or more cleavable site, of one or more 
different restriction endonucleases; one or more exonuclease blocking moieties; one or more sites 
capable of chemical cleavage; or a combination thereof 

The present invention a.so ptovides methods tor obraining single-stmoded or double- 
suanded amplified targe, nucleic acids. The isolation methods include duec, attachment of one 
of the ,„„ stmnds of a double-stranded amplified target nucleic acid or a set of such molecu.es 
« a sohd support. The isolarion methods firrther include indirect anachmen, of a single-stranded 
or double-stranded amplified target nucleic acid, or a se, thereof, to a solid support via an 
anachmen, capable of anaching to a soiid suppon via covalen, or noncovalen. attachment. 
Me*ods of direct attachment include for example, biotin/avidin interaction, as well as other 
methods known by those of skill in the art. 

For example, in one embodiment, a strand of an amplified target nucleic acid may be 
bound or anached to a solid suppon to permit rigorous washing and concomitant removal of sal. 
adducts, urn™,* 0 ,igo„uc,eo,ides and enzymes. Eil „er a double-stranded amplified target 
nucletc acid or a single-stranded amplified targe, nucleic acid may be iso,a,ed for mass 
spec,r„me,ric analysis. The single-stmndcd amplified ,argc, nucleic acid analyzed bv MS may 
be either , he strand bound or no, bound to the solid suppon. 

When the unbound strand is used for MS analysis, i, is ,y pically purified by , irs , 
he bound strand and its attached complement under conditions no, sufficiently rigorous to 
dtsrup, the .rand's ashmen, ,„ iB ^ comp , emen , ^ ^ ^ ^ 

are removed. ,he complemen, may Uren be released under mom rigorous condi.ions ,see FIG. 

In comma, when the bound stfand is to be analyzed, i, is typically washed under more 
vtgorous condifions such ,ba, me interns between ,he bound *,ra„d and Us unbound 
complemen, is disced. This a„ows ,he unboum. stmnd to be washed away with ,he other salts 
and unwarned biomoleeules. Cleavable .inker* o, cleavable primers may be used ,„ release the 
bound stmnd from ,he solid suppon prior lo MS analysis. 
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. ^-I.U.nn»U,ods described to p^de s, g „ifica„„y taproved „„ Moil 

^accuracy m ^ _ ranges ^ jsohij()n ^ ^ ^ 

urge, nndeic acids g e„e rall y 0CCUK prior „ app|jcaiion of ^ 
«« so upon, cesu^ iD ^ mass spKual ^ ^ enhanced 
map,x soludon can be any of ft e known Mttx so , udons "» 

inching 3-hydroxypicol.nic acid ("3-HPA") nicon ■ T PMtt °" ,ar " : 

jii™, . . Ia (J HPA ), niconmc acid, picolinic acid 2 5 

dihydnwybenzoic acid, and nhrophenol. 

Ite reducing Md obttining ^ ^ y ^ ^ 

th us , «, invention encompasses (j) : ri j n *- 

Pnor . ,„,aun 8 fte si „ ele . slra „ ded ^..^ ^ ^ J£-« - 

** " lene ' h " UC ' eiC ^ * - .Hon reduc ,„ g -he elTf I 

sanded ^ nucieic acid ,o ob^n to Slnglt . slranded £f j£ 
-* s, mull a„e„ us ,y reducing llle , engln ^ ^ ~ 

— » -d acid ,„ ob,ai„ fc ^ ^ ™ 

Ov any ^binadon of*, above aeps so ,o„ 8 as acid a singed JLJZ^Z 

Anofter aspec, of .his invent . ^ rf ^ 

urge nucicc acd. w here ,be ^ „ ucleic Kid „ ^ . flm 6 ^ 
-J*---, s„and. Tbe m eUx* of ,be invenuon inCudes: idendfving a ,a™ nuc i i^d 
an,pl,f„ng ,Ke .aege, nU c,eic acid prio, ,„ reducing thc |eng[h „ ^ ^eTn J"' 
Produce an a.piifled ^ ^ Kid; redudng , h£ „ f _ j£ - » 

- laas. a ponion of one o, m „ re of fte „an ki „ g rc gio„s ,o pnadl a J u^ J 
a^e, „„c,e,c acd; ob,ai„i„g . single , lra „ ded , £d 

~ — « «* ««-» -pnses a reg io„ of i„,e re s, and J. more 
^ ^ *— - -Prises anacbing , h e fi ra sj " 

jpbned ^ nucleic acid l0 . ^ suppon and scpa[a|jng ^ 

a»and ,o pro duce a bound fi ra suand and an unbound seco™, snand. ,„ dns cmbod™™ b 
mass of ft, „„„„„„„ seco „ d ^ „ embod.men,, ,he 

TW presen, invendon addi,i„nn„y enco m passe s prin,ers and rael bod s f or using primeK 
- a* capabie of being ,„acKed- o, bound ,o a so, id suppo. Oe„e ra „y. ,bi s . J£Z 
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. by caching , binding group or ^ „ ^ ^ „ , o , .^.^ 

amplification, where „e binding group or mOKly . ^ rf ^ _ 
ol,go„ U c,eo,ide ,o me solid suppon. This binding mole* may be auached ,o me o.igonucleonde 
pnmer or a mp «fica,io„ produc, eimer directly, through an intervening | inking eroup „ . 
spectfic hybridization to an intennediary oligonucleotide which is hself bound to a solid suppon 
Btnding moieties include fimcUona, groups for eovaien, bonding „ . M ^ ^ ^ 
anach to the solid support via a high-aflmity, noncovalen, interaction (such as biotin with 
stneptavtdin). a aeries of baaes complement „ m inttrniediaiy oligonuc|eotide ^ fc 
anached to the aolid suppon. as well as other means ,ha, are weU-k^wn to those of skill in ,he 
att, such as those desenbed in PCT WO 96/37630. incorporated herein by reference 

Toe firs, su^d is typically aepamted from the second strand by washing under conditions 
rtgorous enough ,„ disrupt the double-stranded base pairing strucmre. but no, rigorous eTOUgll t0 
dtsrupt the auachmen, of ,he bound firs, s ,rand ,„ ,he so,id suppon. The solu,io„.phase ,or 
washtngs) confining dt. unbound suand can ,hen be prepared for mass spectral tmalysis 

Cleavable primers and sites as discussed above are also employed in Una embodimen, 
However, ,he cleavable she should preferably no, be be,wee„ the binding moiety, i.e. the group 
anachtng ,he firs, bound s,ra„d to ,he solid suppon, and the region of interest. Alternatively the 
cleavable she should be incorporated into ,h= second strand only, and no, imp Ute firs, stmndma, 
is to be attached to the solid support. 

A preferred embodimen, encompasses the use of a eloavable primer having a chemically 
cleavable group of 3,,S,-phos P ho ro( hi M ,e or 5,(S)-phosph„r„,hioa,e, where the first strand is 
mttnyla-ed and bound ,„ a solid suppon via a bioUmavidin mteracnon where strepuvidin 
beads are used for a solid suppon,. „ is also p referab|c „ cmp|oy 
with this aspect of the invention. 

Actively, me ob,ai„i„g s,ep may Made (a) anaehing me firs, snnnd of*, amplified 
•arge, nueleie acid ,o a soiid suppon, ( b, separaung ,he firs, sunnd from the second suand ,o 
pnaduee a bourn! firs, suand and an unbound second strand. ,c> removing the unbound seeond 
snand and (d, releasing me bound firs, strand from the solid suppon ,o produce a singie- 
branded reduced-lengm amplified urge, nudeic acid for mass specual analysis ,„ mis 
embodtmem. me maas ofthe bound firs, suand is derermmed using a mass apee,rome,er 

Severn, memods may be employed ,„ release me reduced-lengm single-snandcd 
an.pl.fied urge, nucleic ac,d from me solid suppon. Generally, the memods used must either 
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empioy reversible chemical interactions between the binding group and the solid support, that is 
a "cleavable linker," or a separate chemically or enzymatical.y cleavable site somewhere within 
the bound product. Thus, these methods for releasing the bound strand include all of the 
methods that may be used for reducing the length of the bound strand as well. For example an 
exonuclease blocking group, endonuclease recognition site, or a chemically cleavable site may be 
mcorporated into the bound strand between the binding moiety and the region of interest 
cleaving at one of these sites through use of an exonuclease, endonuclease, or a chemical agent 
accomplishes both the releasing and the reduction in length simultaneously. When more than 
one target nucleic acid is identified for analysis, the target nucleic acids may be released and 
analyzed at the same time or consecutively. 

This invention also encompasses methods for release that do not include reducing the 
length of the amplified or unamplified target nucleic acids depending on the method used to bind 
the amplified target nucleic acid to the solid support. For example, both the hybridization and 
b,otin/streptavidin methods employ means such as denaturation to disrupt the noncova.ent 
mteracnons and cause the release of the bound single-stranded target nucleic acids. It may be 
preferred to use a chemically cleavable site with the biotin/streptavidin method so that release of 
the target nucleic acids can be performed under relatively mild conditions. 

Another embodiment of this invention encompasses a method of preparing a double- 
stranded target nucleic acid for mass spectrometry analysis. This method genera.ly includes 
compnsmg: amplifying a target nucleic acid to produce an amplified target nucle.c acid- 
attaching the first strand of the amplified target nucleic acid to a solid support to produce a bound 
first strand and an unbound second strand; removtng, or detaching, the unbound second strand 
from the bound first strand; releasing the bound first strand from the solid support to form a 
smgle-stranded amplified target nucleic acid; and determining the mass of the single-stranded 
amplified target nucleic acid using a mass spectrometer where the amplified target nucleic acid 
comprises a first strand and a second complementary strand. In this embodiment, the unbound 
second strand is typically removed from the bound first strand by denaturing and washing. 

A preferred embodiment encompasses employing a cleavable linker during the releasing 
step, wherein the determining step preferably does not involve sequencing the amplified target 
nucleic acid. 

The present invention also provides methods of delecting polymorphisms in one or more 
target nucleic acids. This embodiment generally includes: amplifying at least one target nucleic 
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acid; reducing the length of at least one of the amplified target nucleic acids comprising cleaving 
ofTa portion of one or more flanking regions, and determining the masses of each of the reduced- 
length amplified target nucleic acids using a mass spectrometer wherein said amplified target 
nucleic acid comprises a region of interest and one or more flanking regions. This method may 
be used to detect polymorphisms in a single target nucleic acid compared to a wild type target 
nucleic acid by detecting variability in mass. Other "alleles" of the target nucleic acid may also 
be detected using the methods of the invention. 

In the present disclosure, "wild type" is the standard or reference nucleotide sequence to 
which variations are compared. Thus, by definition, any variation from wild type is considered a 
polymorphism, including naturally occurring sequence variations and pathogenic mutations. 

In another embodiment, methods are provided for detecting polymorphisms in at least 
one target nucleic acid. These methods may include: amplifying at least one target nucleic acid; 
isolating either a positive or negative strand of the amplified target nucleic acid to form a single- 
stranded amplified target nucleic acid; and determining the masses of each single-stranded 
amplified target nucleic acid using a mass spectrometer where the amplified target nucleic acid 
comprises a region of interest and one or more flanking regions. 

In yet another embodiment, methods are provided for detecting polymorphisms in at least 
one target nucleic acid by amplifying at least one target nucleic acid; reducing the length of at 
least one of the amplified target nucleic acids comprising cleaving off a portion of one or more 
flanking regions; isolating either a positive or negative strand of said amplified target nucleic 
acid to form an amplified target nucleic acid; and determining the mass of each single-stranded 
amplified target nucleic acid using a mass spectrometer where the amplified target nucleic acid 
comprises a region of interest and optionally one or more flanking regions 

The methods described in the present invention may also be used to detect 
polymorphisms in a set of different target nucleic acids. In this context, the methods should 
generally include: amplifying each of the target nucleic acids; reducing the length and/or 
isolating a single-strand of each of said amplified target nucleic acids; and determining the mass 
of each of the single-strands of said amplified target nucleic acids using mass spectrometry. 
Thus, these methods can be used to detect polymorphisms in a plurality of different target 
nucleic acids simultaneously. 

Using the methods described herein, one can uniquely identify a genomic sample by 
amplifying the target nucleic acids: isolating single-stranded amplified target nucleic acids; and 
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. defining ft. maases of *. noclejc 

,. * resold mass dettnmIlauon or _ specmlm « 

»h,c h ma y be ^ t0 indicate . slaK o[ propensiiy io ^ ™ 

a""™ °fm= sample, or map locates in a genome. 

'n y« sorter embody meIhods are provided for ^ 

one amplified target nucleic ariH f„r,k 

H get nucJe.c acd further comprising removing at least one nankin, 

<" a former embodiment, memodsfo, deling polymorphisms are described wherein me 

™ov„g *ep Arises osmg one or more restriction endonilclcasK „ ^ ^ ^ 
flanking polynucleotide regions. f 

w ift jiz ° f a rr b,y sinBie " s,randed ampMed acw -« * — 

no -etc ,c,d, ma, ,, ,he WW , yP e , argc , ^ ' * 

pn-ymo^. Altemative „ fc ^ of _ ^ ^ ™ 

compared w,ih (he known or predicted masses of ,h. ,„ ..• 

nucleic acids. "rreapondrng wild , ype mplifiei tar( .„ 

The amphfied ^ oocieic acid or se, .hereof, can opuonaiiy have one or more 
— es replaced ^ mass . modir , ed ^ ^ _ ^ ™ 

- ogs. for e^pie. no. 2A a™, FIG. 2 B i„ U s tra ,e ,hc increase in resomUon for a A to T 
motahon where me mass-mo d i„ed m,c,c„,ide hep, y „ y ,deo,t yu ridi„e has been used in place of T 

mass speerre, peak, of b 5 mass o„i,s instead of o„ ly , mass onirs. As mis 

mass-mod,,* nucleo.iocs of „e presen, i„ V en lio „ may effec , ^ ^ J ^ 

resoiooon ^ „ ^ _ ^ 

nuc.etees ^< in d,e presen, inveniion i„c lud e 5 - 0 .ami„oa, lyl) . 2 - d UTP. ,0,0.^ 

r l dCTp - 7 *~* nT - d,Tp - 5 - brom °- duTp - " 

mereunKiCTP, aminomelhylcoumarin^iUTp. bi„,i„.,6. d UTP. S-merhyl-dCTP 7 dea,, 
dATP. alphamio-dNTPs. nb-aminohexyl-dATP, 5-iodc-dUTP. 
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. ■ A-.oU.er opuona, asp« of ,he invemion is te inclusion ofinKmal „ 

self-cal.branu in me amplified usge, „„c,eic acid or » mereof ,o be analyzed by mass 
spectrometry to provide improved mass accuracy. 

wbere * ^ ° f inVen,i0n '"'"^ *• me,h0dS ° f P°'«ms 

wbere Ok deunn.nm, sup ^ includes ^ ^ 

mas, accuracy, n. isolarion memods sepan t e,y or .ogeUrer may also be combined *„ u,e use 
of internal self-calibrants. 

The above memo*, separably „ r in combtaaUon. may a,so be combined wim ,be use of 

rir r r o,ides " i ~ dified nuc,ro,ide ^ in -~ * - — 

s-ran = or doublcs-muded amplified urge, nucl cic acid or se, of s i„ 8 ,e-s tran ded or doub,e- 
s,m„ded ampbned urge, nucleic acids ,„ mrprove raass reso|u|ion ^ ^ 
me,hods of deucUng poiymorpbisms may aiso indude a, ,eas, one singie-siranded amplified 
urge, nuc,e,c acid op.iona.ly baving one or more nuclides .placed wi,b mass-modified 
nucJeotides. 

In anomer embodimen, kit s for pmparing mfUM ^ ^ ^ ^ 
spec.rome.nc analysis are provided. Tbe khs of me invemion may mclude a fa, prime, capable 
of bmdmg a firs, s.mnd of one of.be ,arge, nucleic acids a, a reg i„„ , „ . regio „ of „ 

rr aci * a second p,imCT ^ ° f bMne ■ — — - , .o 

•he firs, sound a, a mgion , ,„ lhe region of ^ rf ^ ^ ^ 
polymerase capable of ex,endi„g me primers ,„ form priner exKnsjon ^ ^ ^ 
second pnmers; and a msnricion endonucle.se capable of reducmg ,be .eng.h of amplified urge, 
nuclec acids wbere me firs, and second primers and said DNA polymerase am provided in a 
concern and buffer suiuble for increasing ,be number of ,arge, nucleic acids ,o form 
amplified target nucleic acids 

Anomer embodimen, encompasses a ki« fo, preparing . double-sunnded ,a^e, nucleic 

melt" 8 ; ^ 3 SeCO " d C ° mPlemOTU,T ^ * - *— analysis 
mcludmg: a fa, pnmer capable of binding me firs, sound of ,be urge, nucleic acid 5- ,0 a region 

of mteres, of.be Urge, nucleic acid: a second primer capab,e of binding me second s, ra „d of ,be 
urge, n„c, e ic acid , ,o ,be region of i„ ttresI of mc urge, nudeic acid; a DNA polymerase 
capable of ending me primers ,„ fo™ an , mplified ^ „„ c|eic acid; / ^ 
endonucleasecapabie of reducmg ,be ,e„g,bof me amplified Urge, nuCeic acid 
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The first and second primers and DNA polymerase may be provided in a concentration 
and buffer suitable for increasing the number of target nucleic acids to form amplified target 
nucleic acids. The restriction endonucleases may be Type II or Type IIS restriction 
endonucleases. Preferably, the first primer is biotinylatcd, preferably at or near the 5' end and the 
kit further comprises a solid support capable of selectively binding the first strand of the 
amplified target nucleic acid. Thus, where the first primer is biotinylated, the solid support could 
be a streptavidin bead. Kits included in this invention may preferably also comprise a matrix, 
such as 3-hydroxypicolinic acid. 

An aspect of the present invention also includes a kit for preparing a double-stranded 
target nucleic acid having a first strand and a second complementary strand for mass 
spectrometry analysis comprising: a first primer capable of binding the first strand of the target 
nucleic acid 5' to a region of interest of the target nucleic acid; a second primer capable of 
binding the second strand 5' to the region of interest of the target nucleic acid; anda DNA 
polymerase capable of extending the primers to form an amplified target nucleic acid, where the 
first primer comprises a cleavable primer cleavable by chemical or enzymatic treatment. 
Preferred cleavable primers include those having an exonuclease blocking moiety, a Type II or 
Type II restriction endonuclease recognition site, or a chemically cleavable site, such as a 
modified base, a modified sugar, or a chemically cleavable group incorporated into the phosphate 
backbone. Preferred chemically cleavable groups are dialkoxysilane, 3'-(S)-phosphorothioate. 
5 -(S)-phosphorothioate, 3'-(N)-phosphoroamidate, or 5'-(N)-phosphoroamidate. 

Preferably, the kit may also contain a solid support capable of selectively binding the first 
strand of the amplified target nucleic acid. For example, if the firs, strand preferably comprises a 
biotin, the solid support could comprise a streptavidin bead. These kits may also preferably 
further comprise a matrix, such as 3-hydroxypicolinic acid. 

Another embodiment is a kit containing: a first primer capable of binding a first strand of 
one of the target nucleic acids at a region 5' to a region of interest of the target nucleic acid: a 
second primer capable of binding a second strand complementary to the first strand at a region 5' 
to the region of interest of the target nucleic acid; a DNA polymerase capable of extending the " 
primers to form primer extension products of the first and second primers, where at least one of 
the two primers is a cleavable primer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. IA is a resolved spectrum of nucleic acid fragments (DNA) in the 20,000 to 25 000 
Da range using MALDI-TOF mass spectrometry. This positive ion time of flight mass spectra 
was obtained from 200 fmoles of DNA in 3-HPA the summation of .00 laser pulses at 266 nm 
The spectrum is of a single-stranded 72-mer which also shows a 7,-mer. The FWHM resolution 
is 240 clearly resolving matrix adducts (labeled M). 

FIG. IB displays the positive ion TOF mass spectrum of a 88-mer parent peak and has a 
resolution of 330. This MALDI-TOF spectrum is a sum of ,00 laser pulses at 266 nm was 
obtained from 200 fmoles of DNA in 3-HPA. 

FIG. 2A shows the mass spectrum of a heterozygous mix of wild type and mutant DNA 
fragments where an A has mutated to a T giving spectral peaks separated by 9 mass units. 

FIG. 2B illustrates the effect on mace r^n\„t. nn ~c » . 

on mass resolution of a mass-substituted base The 

spectrum in FIG. 2B consists of a mass spectrum of a heterozygous mix of wild type and mutant 
DNA fragments where A has mutated ,o T and the T has been replaced by heptyny.deoxyuridine 
during amplification of the mutan, region (R = heplynye) . ^ spectral ^ are nQW 
by 65 mass units as compared to only 9 mass units in FIG. 2A. 

FIG. 3 is a diagram illustrating the effect of analyzing full-length double-stranded 
amplified target nucleic acid, where ,he blunt-ended double-strands result in unresolved peaks in 
the mass spectrum of the unresolved double-stranded fragments. In this instance, the source 
nuc.ee acid may be amplified, for examp.e. by PGR. and then mass analyzed as the full-length 
double-stranded product. The amplified target nucleic acid should typically be no greater than 
about 100 base pairs in length. 

FIG. 4 is a diagram illustn.cing ihe effect of analyzing reduced-length double-suandcd 
ampltfied targe, nucleic acid, where one of the strands has a 4 rn.cleo.ide overhang which rcsuhs 
m fully resoived peaks of the donble-srranded fragments in the mass spectnrm. !n this case rhe 
source nucleic acid is amphfied <«* PC R) in step (a) , , he „ ^ „ ^ fcy 
dtgestron of the doubfe-snanded producr in step (b) to yield an uneven ended produc. The 
reduced-length, double-stranded product is men mass analyzed ro yield ,„ fully resolved peaks 

HG. 5 iHuanr.es that analyzing only a singk-smanded amplified Urge, nucleic acid 
reduces ihe number of shands and amplifies the mass sp«m,m The source nucleic acid is 
filled i, g . PGR, in step (a, and .hen cap,ured .0 a solid phase s.repuvidi„ bead in srep (b, 
The sohd phase is men rigorously washed .0 remove salts and unwarned biomolecules including 



WO 98/12355 

20 PCT/US97/17101 

the bottom complementary strand in step (c). The isolated full-length, single-stranded amplified 
target strand is finally released into solution to be mass analyzed in step (d). Although this 
d.agram as well as the diagrams in FIG. 6, FIG. 7, FIG. 8, FIG. 9, FIG. 10, FIG. 1 1 and FIG 12 
depicts the use of a biotinylate top primer (B) and a streptavidin solid support, these schemes are 
also generally applicable to other methods of selectively binding one strand of an amplified 
target nucle.c acid to a solid support to facilitate the washing away of unwanted biomolecules, 
salts and the other complementary strains. 

FIG. 6 employs a cleavable primer to reduce in length an amplified target nucleic acid 
that ,s larger than 100 base pairs to less than 100 nucleotides in length. The cleaving at the 
cleavable primer site also releases the single-stranded amplified target nucleic acid from the solid 
support. I„ this instance, the top primer is biotinylated and cleavable. In step (a) the source 
nucle.c acid is amplified (, g . PGR) and captured to solid phase streptavidin bead in step (b) 
The sohd phase is then rigorously washed to remove salts and unwanted biomolecules including 
the bottom complementary strand in step ( C ). The isolated, reduced-.ength. single-stranded 
amplified target is released into solution by cleaving the primer at the c.eavab.e site in step (d) 
for mass analysis. 

FIG. 7 is a diagram illustrating the isolation of a single-stranded amplified target nucleic 
acd that has been reduced in length by cleaving off at least a portion of both flanking regions 
The flrst flanking region contains a cleavable site in the c.eavab.e primer, located outside of the 
reg,on of interest. The second flanking region is on the opposite end of the amplified targe, 
nucle.c acd and the portion of that second flankmg region is cleaved off bv digestion with a 
restneon endonuclease. The top primer is biotinylated and cleavable. The source nucleic acid 
ts first amplified PC R) (step (a)) and captured to the solid phase (, 8 . streptavidin bead) 
(step (b)). The double-stranded target is then selectively restricted outside the genetic reg ion of 
mterest (step (c)). The order of steps (b) and (c) may be reversed. The solid phase is rigorously 
washed to remove salts and unwanted biomolecules including the bottom complementary strand 
(step (d». Finally, the isolated, reduced-length, single-stranded amplified target strand is 
released into solution to be mass analyzed by cleaving the cleavable primer (step (e)). 

FIG. 8 shows the isolation of a single-stranded amplified targe, nucleic acid, where the 
length of ,he amplified fcrge, nucleic acid is reduced by cleaving off a portion of bo,h flanking 
regtons by (!) using a first or top primer having a chemically cleavable site incorporated during 
amphflcanon; and (2) using a bo„om primer having a Type „S res,ric,ion endonuclease 
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. nation si,, a, ft,e , en d during mmmmL ne ^ ^ ^ ^ fa 

PCR) (s«p (.,, The use «f*e -one™ prime, „i,h , type 1IS reslrictio „ en2yme rccogniu „ n * 
on (he 5 en d allows f„, rae incorporatio „ of ^ ^ _ ^ ^ rf fc ^ ^ ^ 

-op pnmer is to cap,ura d ,o a softd phase . strtplavidin bead) „ Jlep (b) ^ 

ragron » to cleaved offby Resting wfth a Type „S res.ric.ion enuonuclease i„ s,ep (c) After 

W washing ,o reD1 ove ^ ^ _ ^ ^ 

(W> complement s,rao d in step (d) , fc ^ 

leased ta ft, soli d suppon by cleaving . fc ^ sfte ^ fc ^ 

step (e) for mas, specral analysis. The order of sreps (b) and (c) are reversible 

F.C » depicrs anoto erabodftnen, of me invention, wherein one p nm e, has „ 
-nuclease b , ker ,., Aftcr of ^ ^ nudefc ^ ^ ^ 

«rge, nuc,e,c ae,d eontidns an exonuclease blocking group. The ampiified rarge, „ uc ,eic acid is 
urea «- * a , ,o , exonuclease. s,ep <b), „ h ieh degraties Ore s.rand conraining tire 
exonuclease blocking group only up 10 fc blocking group ^ y ^ y ^ 

degrades .he orhe, complement s.ra„ d of the mpliM ^ ^ ^ ^ fc ^ 
does no, have an exonuclease blocking group. The .raaunen, witi, ,he , ,o y exonuclease mus 
leaves a single snanded amplified urge, nucleic aci d for nrass specromemc anaiysia ' ' 
P.C. ,0 is a diagram illustrating ye, a„o,he,embod,men«. in which one primer conuins a 
Type US res,„c„o„ recognition she and a binding m oie,y, , s ., biotin (B , „he rein ,„e Typt 1IS 
restriction cleavage site is located between the tw nc 

WCen the W IIS restriction recognition site and the 
binding moiety. The source nucleic acid is first anmlifi«, „«,«„ *■ 

nrst amplified using this primer and another primer 

«* he Type IIS res.Hc.ion endonuclease coding ,„ lhe Type lls 

and cleavable s„ea in ft* pri mer (s,ep ,b„. leaving a ,educed,e„g,h amplified ,arge, nudeic acid 

,777 I ; di " 8 m ° ie ' y - " b,0,i "' *» - - " » a solid P hase 

<s.rep.av,d,„ bead, <s,ep ,c,,. The reduced-lengm amplified ^e, nudeic acid is to ftgo rou s, y 

cashed ,„ remove softs and ,be unbound complement s ,ra„d. s.ep ,d, Then ,he reduced- 
leng,b. s,„g,e-s tra „ d e d amphfie, Iarget nuc|eic acid „ ^ ^ fc ^ 

apeeu.me.Hc ana, ySis b y d e M ,uHng .he biotin s, rep ,avidi„ bond. by ^ „„ der , ow ^ 
conditions, step (e). 

FIG. .1 is a diagram illustrating a variation of ,he emboftimen, ,l, us ,ra,e d in FIO 10 
wberem b— d of isolating me bound re.oce. ,en gdl , si „ gl ,s, ra „ ded a roplifled ^ ^ 
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. acid, the c^mplementa^, (unbound) stran<| , re , eased fem 

— ^ Thus , te soura nuclejc acjd (a)) irn ° 

<-* "uc,e,c acid is then Ceaved ^ . type „ J * 

- • Ptase by biolin (b) imeracling ^ , Z>ZZZT* 

• salts aralbiomoleculesara removed by washing (slep r d)) «,,„• • 

oepicion FIG. 5, P,o. FIG. , FIG. g and FIG 0 2 J£ ,'" ""^ " — 

::: . _ _ the _ _::rr;:r\ir:;;;: 

complementary smm d is re , eased for mass SIe P <«> "he 

FIG. 12 is another embodiment wherein the double stranded DNA i. 

— — ' « " <*, m In this emboditJTtoTp^ 1 ^ "* 
contains a , ype lls res , riclio „ ^ ^ ^ , ' ^7 ' ! - 

facthtate washing away unW n led ^ and biomo|ecu , K . <SKp (k) » "> 

~£ZZZZ**~* amp,ifi < d shon — — - - 

spectrum is the one depicted in FIG. 6. ^ ^ " 

FIG. 15 is a mass spectrum of a se, of sing.e-suanded amplified target nucleic acids 
.he single-stranded amplified taeget nudeic acids were the same aa IT J J 

Z1TZT c,eava8e The — • — * — > * r 

F,G r ? mfca ' f0m,UU fW 2 '" d ~ i "- 3 ^— rothioate 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

^ JfZZZT; direc,ed ,0 methods of ^ ftiK ror — -* -* 

.ech„icre~Ld^ y r dettC,m8 P °' ym0rPhiSmS - — " 

^ h,8h ~ Wi * A «»^. nrinute samp.es of femtomole 
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. amount are require The mchods and kits described hemin yield a minima. „ of prodacts 
w,«h unproved mass resolution and accuracy and deuiied information about the nature 0 f te 
polymorphisms delected in the target nucleic acids screened. 

One embodiment of the present invention involves methods of de.ec,i„ 6 polymorphisms 
m one or more targe, nucleic acids comprising (,) amplifying a, leas, one of said urge, nucleic 
acds, wherein each of said u*ge, nucleic acids comprises a reg,on of hue™ and option^ one 
or more flanking regions, (b, isolating ei,he, a posi.ive or a negative strand of interest of each of 
sa, target nucleic acids in ,he ft,™ of one or more single-shanded amplified Urge, nudeic 
acds. wherein said isolating preferably comprises binding said strand of interest of each of said 
amplified urge, nucleic acids ,o a solid suppon. and ,c, defining ,he masses of each of said 
stngle-stunded amphfied urge, nucleic acids using a mass spcctremetc, wherein said 
detennming preferablv does n0 , inv0|ve sequencjng rf ^ ^.^ ^ 

nuc etc acids. The amplifying slep may include fc usc „ , ^ ^ ^ ^ ^ 

m the isolating s,ep ,„ bind ,he amphfied urge, nudeic acids ,o a solid suppon. The primer may 
also have attached a eieavable or reversible linker, or the primer iuelf may eonuin a cleavable 
sue. If a cfeavable she is intioduced into one of the amplified urge, nucleic acids by using a 
cleavable or reversible linker during said amplifying slcp . lhc deIermjning does „„, invo|ve 
sequencing of the amplified targe, nucleic acds. The primer may also be biotinyfated or 
mod,fied in other ways such as ,o effect bindtng of ,he amplified ,arge, nudeic acids ,o a solid 
suppon. The primer may also optionally be bound or attached ,o the solid suppon prior ,„ behtg 
amphfied. One of ordinal skill in the an wifl apprec ia,e the muhiphci.y of mchods ,o effec 
such attachment. 

The isolating may funher comprise denaturing and washing ,„ removc lhe 
compfemenury stiand from fhe strand of interest which is bound to a solid suppon, fofiowed by 
release of ,he bound single-stmnded target nucleic acids from me solid support. AlKmat i vely 
-he unbound compfemenury snand may be released and isolated for mass spectrometric analysis' 
Ahc ampfnying and ei,her before or after the amphfied Urge, nucleic acids have been 
bound to a solid suppon. the amplified urge, nudeic acid may be teduced in length by a number 
of dtfferen, techniques. For example, one or more funking regions may be cleaved using one or 
more restriction endonuclease, such as Type „ or Type „S restriction endonucleases or 
combination, thereof. The amphfied urge, nudeic acid may afso be reduced in fength by using a 
deavabfe primer. Another method of reducing fengtft compnSK ^ an ^ 
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moidy in one of *, nvo prime f„ r a^plincaUon. and digesting said amplified ^ „ ucleic 
acid with a 5' to 3' exonuclease. 

The urge, nucleic acid may be single-stramled or doublcstranded DNA, RNA „, hybrids 
mereof, from any source. The uuge, nucieic acid is generally a nucleic acid which rnus, be 
screened ,o determine wherher i, conuins a polymorphism. The conesponding Urge, nucleic 
acd denved from a wild ,y P e source is refermd „ as a wild rype urge. nucleic Kii ^ 
amphfied Urge, nucleic acids ca, be obtained from a source sample conuining nudeic acids and 
can be produced from me nucleic acid by PCR™ amplification or other amplification technics 
Ahhough human sources are preferred, any so.ee which one is in.ems.ed in screening for 
polymorphisms may be used in me methods described herein. When the u^e, nucleic acid is 
RNA the RNA suand is the ♦ strand. If desired, the urge, nucieic acid may be an RNA/DNA 
hybnd. wherein cilher strand can be designaud .he ♦ strand and the orher. the - strand 

In eases where the amplified target nucleic acid contatns RNA, the methods using 
restricnon endonudeases described herein cam., be used to dimctly mduce the length of the 
Anal produc. A resection endonuclease may be used ,o reduce the length of me double- 
stranded DNA intermediate prior to the RNA transcription step. 

The amplifted targe nudec acids am typically less ,han 100 bases in length because 
curmn, mass spec.rome.ric me.hod s do no, have .he mass accuracy and resolution necessary ,o 
,den,,fy a smgle baae change in po.ynueleotidcs la^er man 100 base pairs. However as mass 
speoromcric technics for analyain, „ ucleic acids improve ^ Slng , e . s , randed „ ^ 
stranded amplified urge, nucleic acid., of.his invention may be larger .ban 100 bases in long* 

Due ,„ the simpler mass spectrum ,ha, msulu from mass analysis of si„glc-s.,anded 
amp f,ed urge, nudeic acids, i, is preferred ,o deurmine ,he masses of sets of aingle-stranded 
amphfied target nucleic acids. The amplified urge, nucleic acids may also conuin mass- 
mod.fied nucleotides, which can enhance case of analysts, especially when a point 
polymorphism haa resulted in a very small mass change (on the order of 0 Da) in a Urge, nucleic 
acd as compared to .he corresponding wi.d ,ype Urge, nudeic acid. The methods described 
hetetn use mass spec.rome.ry ,„ determine the masses of a single-shanded amplified urge, 
nudeic acd or set of single-spanded amplified Urge, nucleic acids ,„ detect polymmphisms in a, 
least one target nucleic acid. 

The amplified urge, nucletc acids comprise a mgion of inures, and optionally, one „, 
more fla„ k ,„ g regions. A region of inures, conuins or is soapeded of conuining , 
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. polymmpmsm, whereas . flanking region js 6enera „ y ^ to ^ a ^ 

a polymorph,™ in «ha, region is considered unimponam. The region of inures, raay as ^ 
- a single „uc,eo,ide. A flying region may conuin a cleavable she or c,ea,ab,e moie,y ^ 
can be selecfively cieaved .o reicase smgU-suanded nucleic acids tan, a so„d support prior ,„ 
• «. specie analysis. An ampfified urge, nudeic acid may a,so op.iona.ly cornpH* 
«te flankrng region on ,he end of.be u*e, nucleic acid oppose finm te cleavabfc siK ^ 
for release from Ore solid suppon. This second flawing region m ay con* one or more 
resmcon cleavable sites tha, do not occur in the region of interest. 

The methods described here,„ may be performed on a si„ gl e ampiified targe, nucleic acid 
or on a se, of different amphfied urge, nucieic acids, each confining a different region of 
■merest Tbe various s.eps of reducing fengm, binding ,o a solid suppo n . releasing f rom ,be solid 
support may differ with respec, ,o each differen, urge, nucleic acid in a sc.. or may be me same 
and tbe resoling se, of si„ gl e.s t ra„ded or doub,e-s,randed amplified Urge, nucleic acids ca, be 
mass analy^d s,mu,Uneous,y. Accord,„ 6 , y . anomer advanuge of me memods described herein 
- -a, ,hey can be used ,„ prepare a se, or coUeoion of ,„o or more differen, u*e, nucleic acids 

teauhs ,„ .ncreascd efficiency and more infonnative dau from a S ,„ gl . mass spec,rum of .he 
prepared target nucleic acids. 

WUd , yP e refers ,o a sundard or reference nucleofide sequence, or number of repea, di- 
m-. o, .e.ra.nucleo.ides, ,„ which varia,io„s are compared. As defined, any variauon from wi,d 
•ypc ,s centered a polymorphism, induding namral.y occuning sequence po.ymorphisms. and 
mutations which are pathogenic. 

Two nucleic acids are considered "complemenu^ if rbey are capabu of specifically 

: t,t T otber (i) under ,yp,cai hywdiza,ion " wh — *- «*■ 

of. 1982, or (,„ uamg reduced smngency wash condinons ,ha, allow a, mos. abou, 25-30% 
base pan mismauhes, for exampie. 2 x SSC. 0.,% SDS, room ,emp=ra,ure ,wice, 30 mmu.es 

mese " *" inVrali ° n °* ^LDI. wherein 

memods may opnonally include .ime-of-fiigb,. The significan, mu.U P ,e charging of 
uolecules m ES, and me fac, ta complex mix,ure analysis is ohen required ml ma. L ES 
— apecua wi„ consist of a grea, many spec,*, ^ possibly „ V er,appi„g and casing 
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confusion. Because the MAI niiuc, 

reactions or chemical cleavages to determine ,u , termination 

acids. However, U,e me^oda de S e ri L7 h 1 T ,7 ^ ^ 

Fo .... 8 nUde,C aC,ds us,n 8 mas s spectrometric techniques 

- J:;:i::: , :r t r a - - ° f ~ - — - - 

w>e,e mass speZ; ZZ:7 hiSmiSar0Und 

n» *e m e lWs u j„ z „ r„ of mass resoiu,i °" - , — » 

nueleie acids. * " ^ ^ ^e. 

Existing mass spectrometry instrumentation in ,he ease of MALDI TOP M <t „ 
hasamassaeeuraeyofabou, lp ar,i„ ,0 000(00,"/, f , of MALDI-TOF MS optimally 
a single base change i„ . 50 L , * » for *-*• 

op«ma, resolution and mass ae jT , !■ " ^ "'^ 

polymorph detection J^T ,»tlT ^ " ~" * "* 

' f no * h, 8 her Continued advances in mass 
spee, ro me,ne tnstrumentation will also p ush this range „ ig|Kr 

F.0 IB wZT r,h r 0 ' Vin8 MPabm,ieS ° fMALD, - T0F MS « '» ™- <* and 

2 H A „C ::r; ,iVeiO " TOF ^^----00fm„,e S of DNAl „me 

dlffe.n e" 3„ 5 Dal Ad 7 S " 8 ' e ' S,ra " ded ^ °""* ta ? ' - * <- 

rr s,„,,_ _ .vi„;:~r n ::::::: 

enougbaecnracyand^oln.ion.ode.ee.apoin.poWiamifonewetepreaen,. 
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Benefits of Analyzing Single-Stranded Nucleic Acids 

One object of this invention is the accurate m ass detection of a singIe . stranded 
-**d ta rg et nuCeic acid or a set of single . stranded ^ 
detune presence and character of any po.^s.s. The embodiments of this invent* 

? : r ~ m : detenninat,on ° f * e s, ~ d * 

d or set of Afferent stranded amphned target nucleic acids, as we,, as mass 
determ.nat.on of a mass-modified, sin g ,e-stranded ampHfied target nuCeic acid or set thereof A 
~ «s to d etect po, y mo.hisms in an amphHed tar g e, nuCeic al i I 8 ,e 

— - .nn. wherein the sin.e-stranded amph.ed ,ar g et nuCeic acid ( s) a, deHved J e 

of e.ther the posit.ve or the negative strand of the cenome The Pv , , • 

. , t ,c genome. I he examples of s neJe-strandeH 

<escribed berein focus on singte . slra „ ded amp|ified ^ „ uclei£ ^ d » 

*. P- «~ stnand, a„„ ough te methods dis£|osed ,„ , hc preseM J£ 
applicable to ^ nucleic acid as derived f rom ^ negalive slra „ d „ ^ e<,Ua " y 
FIG. 3 Ulusuaes ,ha, a double-stranded target „„c,e ic acid comprising t wo 
«"* -wo d»fa* .0 tesolve peaks i„ fc 

conespcnding ,„ the denatured single strands The adrfv 7 . SPeCmm> 
, mniifi . H , , 8 m " dS ' 71,6 add,,,onal P«*s tarn double-stranded 

X: "T iC ^ M MmPared l ° «°»>™ — — . acids add 

•o * conge*ton of ^ ^ jn ^ ^ specira> m ^ ^ 

2* dime.,, ,o resolve the con^enta, fragmems „ ^ _ ^ 
* nca, base colons. Puohermore. some ^ „ f ^ 

2< - * - f U „v denature, a. mass peak, co TO po„di„ g ,o ,be douL, Jl 
products increase Ihe spectral congestion. 

Spectra using bo,, smnds may a|so ^ a ^ 
PO.tnorpb,™ i„ „ slrand ^ „ ^ fe ^ ^ ^ 

pnor to mass spectronretric analysts v,„i,e m producing a|| da , a 

- ^p, ernenta, sets o f ampliued ,ge, nneletc acids represe„,i„ g the f u„ J 

Peaks wtthtn tbe mas s spectra. allowing for ^ ^ ^ ^ ^ ^ 
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. Md. ft. each an^ifed ^ nucleic acids ^ fc 

or each Sp ec,ra. A nunrher of melhods fot isolali „ g Md £~ 
targe, nucle,c acids for rrcss specon,^ m described ^ """"'^ 

Purification Methods 

range ^ tar8et nUC,CiC ^ *- * *■ "solvable 

-ge and h.gh mass accuracy range of the mass spectrometer. Additiona,, y nucleic acid 
fragments that do not contrive to the ana, ys is and ma y TOsarily J£l J Z 
spectra should be eliminated, if feasible. 6 

With analysis methods such as eel ei^Mr^u 
■ , 8 electrophoresis, a imxture of specifically labels 

ac, „ Hrt „ 0 r fluoresce*,, ta g6 ed> can he visuafiL in ,h p^" 
of o,her uniahe.ed nucieic acid f_ , hat ^ b „, ^ ~ 

convolute aaalysis of ihe eel data n. tnereiorc do no, 

anyformof, Ir „ ^ ~" S "«"°""''K rnethods described herein do no, use 

,7a IT ? C ° U ' d rend " CCna ' n f ~ invisib "' •* *• r — 

^J*— - P-c, and i, is therefore prefer^ to remove such 

The samp.es s hou 1(l prefe rably he of reiativaiv high pu„, y prior ,„ ,„„„ „ ^ 
specronreter. Tfre preaence of impurite , Kpecia , |y sa „ s * 
accurac, and intenat, of the mass sp_ Slg „, Contain," 
-dua. satnple g e„o m ic DNA . and protein, a„ can affee, Ute q ua,i, y of the .ass spectra 

The pupation me , h ods of the present invention are weU-auited to maas sp.cronte.ric 
ana. s, s of nucietc acids. Kor e*am P ,e. the rae ,hods herein ph y sica, ly isoiate sell sT 
^-stranded or douhie-suanded amphfled , a r 6 e. nucieic acids front a ra „ llip c 
.punttes ,„c,udin g undesirahia nuciatc acid fronts ( i„c,udi„ g ,he co mp ,e menlary ^ 
«-»-. restons). proteins and sa„, that „ou,d reaui, in a poor ,ua„, y ma ss J. £ 
•soiauon methods offer secant advances due to the ph ys ica, section of a desL L^of 
~d or douhie-stranded ampiifled ^ nucieic actds from other JZ > 
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APPROACHES TO ISOLATING SlNGLE-STRANDED OR DOUBLE-STRANDED AMPLIFIED TARGET 

Nucleic Acids 

As described earlier, analysis of single-stranded amplified target nucleic acids is 
generally preferable since it provides a complete set of data with the minimal number of 
fragments and therefore simplifies the spectra and facilitates an increase in the total number of 
target nucleic acids that can be analyzed in a single assay. A number of approaches can be taken 
toward the production of single-stranded amplified target nucleic acids and their purification 
wh,ch mcludes the elimmation of undesired oligonucleotides. In some cases it may be 
preferable to use a method of amplification that yields primarily single-stranded amplified target 
nucle.c acds, such as asymmetric PCR or transcription-mediated amplification. 

To isolate the single-stranded amplified target nucleic acids, the amplified target nucleic 
acds may be designed to be attached or bound to a solid support. Several means are available to 
effect this attachment to a solid support, including: (a) hybridization to a complementary solid- 
phase bound nucleic acid capture probe (which can be an oligonucleotide or one strand of the 
amplified target nucleic acid) comprising a first binding moiety that specifically binds to a 
second b,nd,ng moiety attached to a solid phase; (b) direct binding of the amplified target nucleic 
acd strands of interest, each comprising a polynucleotide region of interest and a first binding 
mo,ety, to a second binding moiety attached to a solid phase (e.g. biotin/strcptavidin or avidin or 
anugen/amibody pairs); or (c) direct covalent attachment of the strands of interest to a solid 
support. 

A capture probe is an oligonucleotide that comprises a portion capable of hybridizing to a 
nucle,c acd. such as an amplified target nucleic acid, and a binding moiety that binds the capture 
probe to a solid phase, either through covalent binding or affinity binding, or a mixture thereof 
A capture probe can itself bind to a solid support via binding mo.eties (direct capture) or can 
bmd to a sohd support via another capture probe that binds to a solid support (indirect capture). 

A preferred embodiment is the use of a biotinylated amplified target nucleic acid coupled 
to streptavidin or avidin attached to a solid support where the strand of interest is itself bound 
Btotm coupling to streptavidin (or avidin) requires that any amplified target nucleic acid or acids 
contam a biotin. The biotin is part of the linker molecule. It is straightforward to capture the 
amphfied target nucleic acid because biotinylated primers can be used in the PCR amplification 
If only one of the two strands of an amplified target nucleic acid is to be analyzed by mass 
spectrometry, only one of the two PCR prim ers for each different target nucleic acid should be 
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. bi„ tf „ ylattd . For Mch ma nucleic Mid fc PCR primer to te bjo . nyiaied ^ ^ 

pnmer lha> is extended ,o fonn the single-stranded amplified u^e, nucleic acid of interest 

The uplifted Urge, nucleic acid or se, of amplified targe, nucleic acids can be covalentlv 
aruche ,o a solid support usjng Mv „ fc nuraber of ^ 

,mmob,„ze an ofigonucleot.de ot polynucleotide on a solid support. The ampfified ^ gel nucteic 

b I" ^ C0Va,en " y aradKd W «*• -W« — « -so 

be stable and accessible for base hybridization. 

Covalen, artachment of.be amplified urge, nucleic acid or se, ofantplified target nucleic 
ac,ds to ,hc solid support may occur by reacfion between a reactive site or a butding moietv on 

mtervening linkers or spacer ^ ^ ^ ^ ^ ^ ^ ^ 

covalen, bond. Coupling of an amplified Urge, nucleic acid or se, of amplified ^ nucleic 

acds ,o a sobd support may be carted ou, .brough a varie,y of covalen, auachmen, functional 
groups. Anv itablc funct)OMl group may ^ ^ _ o aitach ampijfled ^ ^ 

of ampbfied urge, nU c,eic acids ,o ,be solid support, inc.udmg disulfide. carbamate 
hydrazon, ester. N-functionafized mioute , funclionalized „ ' 

sulfide, amide, thiolester, azo. ether and amino. 

The solid support may be made from a wide varie,y of materials, such as cellulose, 
m rocc, ulosc. „y,o„ membrane, co„,ro„ed-pore glass bead, acrylamide ge„ p„,vs,yre„e 
ac.,va,cd dex^an, agarose. po,ye,hy,e„e. func.ionalizcd plastic., glass, sificon. aluminum, s,ee, 
■ron. copper. „ic k e, and gold. Some solid suppon materials may re q uirc f„„cdo„aliza,ion prior' 
to auachmcn, of an oligonucleotide or capture probe. Solid suppons , hat may such 
surface modified include aluminum. s,eel. iton. copper, nickel. g„,d. sificon. and 
nonfuncnonalized polymers. Solid support materials for use in coupling ,„ . ^ prote 
nolo* lu „ c „„ nali2cd suppons such as , he u -^ aymm ^ ok aciivmed ^ 

ftom Puree , Rwk ford, ,L, or functionalized suppons such as ,b„se commemially available from 
Cuon Corp. (Emezyv*. CA). Binding o, an ampfified Urge, ,o a aolid suppon can be carted 
out by reacting a free amino group of an amino-modified Urge, wi,h ,he reactive imidazole 
ca*ama,e „, me solid suppon. Displacemen, of me imidazole group results in formation of a 
suble N-alkvl carbamate linage between ,he amplified Urge, and me suppon 

The ampfified Urge, nucleic acid or se, of ampfified Urge, nucleic acids may also be 
bound ,o a solid suppon comprising a gold surface. The amplified Urge, nucleic acid o, se, of 
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amplified target nucleic acids can be modified at their 5'-end wirh . r l 

thiol group, and the modified amplified target nud H * 3 

nucleic acids can be chemisorbed 1 J" /' T ^ ^ " ^ 

w,inhl 8h affinity onto gold surfaces (Hegner, « 0 /.. l9 93b) 
. methods ,„ wHicb . ^.^ approach „ ^ ^ 

^..ficd terge, nucleic acid or so, of „ plMied ^ ^ Kjds * ^ 

deleterious eooraminams. However when ,h. „ m „rr ., m0Ve 

d„ec„y bouod. oidrer covalenfiy o7 a ti!Z I T ^ ^ " 

, , | y Vla '"oun'strepuvidin biodn/avidin interae,*™ i, ■ 

preferable ,o rig„rous, y „asb ,he sarpplo ,„ yieId lhe higte c " " " 

typically removes ,he complement s M „H f n80, ° U! W " h 

nucleic acid. F ollolgl"' ^ ' S0 ' a "" 8 ^ 
nodeic acids fro„ ,„e solid ^ t " **— d * ™ 

— d a mP ,i,d iszrnnnr. * ° f - - ° r 
»-«^~or.„a^ s r s rrro^fr:ir isused 

«« of deoa.ura.ioo .o disrup, fc „ oncovaJem ^ 

Altemafively, a cleavable linage may be ioconx.ra.ed be,ween rhc firs, bind™, ■ 
- - -plified ,ar 8 e. oucloio acids. A „ y rovalenl coup|i „ e ^ ^ 
-y be „ecess«y ,„ jncMe , ^ £heIn J Mra U~ 

bound product It mav akr. iv., f , MJmewnere within the 

====£==~f 

located «„,„ te linker „, 0|ecu , e COTOc , ing fc biwin di IT a h 

nker,. win* ,„e tee ilself ( ,, . _ labjle * = « * ^ -* 

backbone,^,. M^ofp^^^^J^ *< 

Aoodrer way ,o isolate siogle-so^ded ampfified urge, oucleic acids is ,„ „ se a „ 
compr,s,„ 8 a„ exoouolease blocking moie,y and ,o ,rea, wid, a , ,„ - ' 
*- - s,ra„d lacng an exoouclease bloo k i„g moie,y and I MUZ^T T 
10 — -** leaving jua lhe ^ ( fc ^ ^ 7 

-nude** blocking moie,y aod me po„i M of tha , _ d , „ „ ^uoZ bZ 
-* ™s mem. is dBcrjbed , , hc ^ of *- 



WO 98/12355 

32 PCT/US97/17101 



3 



suanded amplified Urge, nucleic acids can also be isola,ed by using a DNA-specific or RNA- 
specific nuclease to digest an RNA/DNA hybrid. 

The use of two primers each comprising an exonuciease blocking moietv, wherein each 
primer binds to a different commentary strand, is another way to iso.ate a doub.e-stranded 
amplified target nucleic acid. 

Methods of Reouc.no Length of amplified Tahoet Nucleic acids 

After He — pUBc-fc- of Urge, nucleic acids, Ihe amplified urge, nucleic acids, which 
am in double-aranded form, can he cleaved wilh resuicfion endonucleases ,o remove flanking 
regions *» are no, wiftm, , hc region „ ^ ^ ^ ^ . 

containing a polymorphism. 

■f DNA resiricion endonucleases are used ,o remove one o, more flawing regions from 
an amplified urge, nucleic acid prior ,o isoialing ,he si„g,e-s,ra„ded or doubie-slmnded 
amplified large, „uc,e,e acidfs,, ,, may he necessary f„, a rap „fi cd Wr g ct nucleic ^ „ ^ 
a double-siranded form prior m resnicuon. or mom specifically, ,ha, ,ho reason endonuclease 
recogn„,on si.es and cleaving si,es he ,oca,ed in double-slranded DNA regions Hanking o, 
ouls.de .he region of inleres,. THe al.ema.ive .o having ft,Uy double-siranded DNA prior ,o 
reslricnon ,s ,o hybridize res.ric.ion she ol.gonuCeoiide probes lo singlcs-randed DNA wherein 
*e mslricion si,e oligonucleofide probes are comp,eme„.ary ,„ ,he resiricion sites for selected 
restriction endonucleases. 

The basic known melhods for DNA isolalion - precision, dialysis, fil lra ,i„„ and 
d ° n °' Si °* [ <-*™** '™ double-snanded DNA. If ,hese purification 

melhods are employed, and i, ra ,y be desired lo produce a single-slranded pro duc. i, is 
necessary 10 add a separate step where single-slrand isolalion is performed. 

If resiricion endonuclease, are used .o cleave offone or more regions f rom an amplified 
arge, nucleic acid, a preferred mclhod f or isolaltag single . slranded amplined ^ ^ ^ 

from Ihese producs is lo use a, leas, one biodnylaled pnmer ,oca,ed a, one end of an amplified 
target nucleic acid. 

The producion of reduced lenglh amplified large, nucleic acids can provide benefus of 
increased accuracy and resolution in ,he mass specromehic analysis of even doubled 
amplified .arge, nucleic acids. Double-siranded amplified urge, nucleic acids can have .heir 
lenglh reduced in a similar manner ,„ ,ha, used for processing single-slranded amplified urge. 
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nucleic acids. Either endogenous restriction recognition sites outside the region of interest or 
primer-incorporated restriction recognition sites, as described below, or combinations thereof can 
be used. Endogenous restriction recognition sites are those that are found naturally within one or 
more flanking regions. 

In cases where one or more endogenous restriction recognition sites cannot be found 
outside the region of interest, an alternative method is necessary for reducing the length of the 
amplified target nucleic acid. Use of a modified primer during the amplification process can 
mediate the incorporation of a Type II or Type IIS restriction endonuclease recognition site 
within a primer region of the amplified target nucleic acid. Type IIS restriction endonucleases 
recognize a particular double-stranded sequence region and selectively cleave the double strand a 
defined distance away from the recognition site. As an example, the restriction enzymes Bpml 
and deleave the double strands 14 nucleotides (top strand) and 16 nucleotides (bottom strand) 
away from the recognition sites. Other representative Type IIS restriction enzymes include 
BseRI, BsmRI and Fokl. See New England Biolabs 1996 Product Catalog. Use of Type IIS 
restriction for the reduction of amplified target nucleic acids is illustrated in FIG. 7. 

The restriction method for reducing the length of an amplified target nucleic acid affords 
significant advantages where double-stranded amplified target nucleic acids are to be analyzed 
by mass spectrometry. For instance, the smaller molecules are easier to resolve. Moreover, a 
second beneficial effect of using restriction endonucleases to reduce length, specifically one that 
does not produce blunt ends, is the production of two strands of different lengths and hence 
different masses. The creation of two complementary strands of different lengths, e. K . 4 to 6 
nucleotides difference in size, yields dramatically improved separation and resolution of two 
complementary strands during mass spectrometric analysis as shown in FIG. 4. In many cases, 
reduction of length by restriction endonuclease digestion can eliminate the need for single-strand 
isolation. 

In one embodiment, the restriction endonuclease recognition site can be the same as the 
site of cleavage, located in the flanking region opposite from the end of the amplified target 
nucleic acid that is bound to the solid support. In another embodiment, the restriction 
endonuclease recognition site is different from the site of cleavage, as in the case of Type IIS 
restriction endonucleases, which cleave at a defined distance (20-40 bases) from one side of their 
recognition sequence. When a Type IIS restriction endonuclease is used to reduce the length of 
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• recogn.t.on sites for one or more Tvoe II r^ri,, ■ restricnon 

more j ype » restnction endonuclease can be used to «.H„~ i L 

i^trjr a - — — -enit:;;:: 

-Ig i n oni: Z^^T* ^ " " ^ " ^ ^ * 
introduced usin fi a m.s m , K A,S0 ' ^ ° r m0re restricti °n ignition sites can be 

"ced usmg a m.smatch pnmer or an overhang primer containing one or mo 
restnction recognition sites A mi cm„ u m0re new 

S,lCS - A m,sma «ch pnmer is one which contains at least ■ «.««. u 
mismatch with the target nucleic acid to k 8,6 baSe 

get nucleic acid to be ampl.ficd and can include primers th»t h, 

:r:r:;:;::: d T hybridize ,o ,he - — - 

enable pnmer. Alternately, endogenous restriclion . ^ 

Another method of reducing ,e„ e , h involvcs , he ux . 

exonuclease blocking moiety where,,, „.i„ , mPnS "' 6 a " 

o,eiy. wherem sa,d exonuclease blocking moietv prevents a V ,„ - 
exonuclease from digesting , io „ - P rc ™« 

The exonuclease Mocking moietv can '»-<< ""nuclease blocktng moiety. 

ockmg moiety can mclude modified nucleolides .he, prevent 5' ■« v 
— - activity f rom ^ phosphorothiMtes ^ ^ ' ZL 

Phosphates, and peptide nucleic acids (PNA) Flo 0 H • . u pnos l"«>"»«- borano 

moiety and an cxonuclease to reduce , eZth f ', " *** 

degraded bv the exonue, ^ n,,ClC,C TlK nUdeol " tes *«' « 

See Buchard, e, „/ ,,03 A Dre( " , reS ' S ' am " 

1993. A prefened 5' ,„ 3' exonuclease is Exonuclease IH. FIG. 9 mmm* 



10 



15 



20 



25 



30 



WO 98/12355 35 PCT/US97/17101 

. how the use of this method results in isolation of a reduced-length single-stranded amplified 
target nucleic acid. 

The exonuclease approach to reducing length can be also used in combination with one or 
more of the restriction endonuclease cleavage techniques described above ,o reduce length In 
such a combined approach, the restriction cleavage should occur before the exonuclease 
digestion. 

On. of ordinary skill to ,he an will appmciate fa, the above methous of reducing length 
may also be used as means of isola,to 8 a reduced-length amplified targe, „„ cleic acid or , 
reduced.|e„ t ,h single-stranded amplified nucleic acid. Fo, example, a chemically 

cleavable sue can be incorporated to a flanktng regron and cleavage a, rha, sire can accomplish 
borh lengrh reduction and release from a solid support a, rhe same rime. Thus, for example, after 
.he amplified urge, nucleic acid is reduced in lengrh. either .he bound srrand or ,he unbound 
strand or both strands of said amplified urge, nucletc acid can be isolared for mass spectrometric 
analysis. 

In cases where ,he single-stranded amplified rarge, nucleic acid sound ,„ be analyzed is 
direcly bound ,o rhe solid phase, i, can be rigorously washed ,o remove unbound component 
meluding any number of delerenous contaminants, including ,he unwarned complement 
srrand. nucleic acid fragments combining a, leas, a ponion of a flanking reaion. sate, enzvmes 
and other reagent. These unbound componems can be removed from any nucleic acid bound ,o 
a sohd s „pp„„ i„ any of the embodinKms descnbed herejn and combina . ms i|Kreof |f 
s,ra„d ,o be analyzed (the sftand of , merest, is „„, ooun d direclly „„, ^ ^ ^ f 

eomp.emcn,a,y nucleic acid, i, canno, be as rigorously washed and .hereby canno, be purified to 
as great an ex,em. Direct binding of the amplified target „„c,e,e acid stmnd ,o be analyzed 
uhttnately produces a higher quality signal, e.g. less sal, adducts. during mass spectrometric 
analysis, thus improving mass resolution and accuracy. 

Following ,h. necessary ^ sttps . tne si „ gle . stran<|ed ^ ^ ^ ^ 

released from the solid suppon a„ d analyzed by mass spectrometry. Note that regions that are 
eleaved olf by one or more restriction endonucleases am release,! into solution and washed away 
and am therefore no, analyzed. Loss of ,hese flanking regions can enhance ,he ability f„ r mo* 
spectrometry l0 aulckly identify lhe em ^ ^ 

stranded amplified Urge, nucleic acids occurs prior to the mixing of ,he single-sodded 
amphfied urge, nucleic acids with the matrtx maurial for « spectrometric analysis 
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to ■ta.B. reduced . laiglh i^j^ 

Mppon. several methods can be used d^w . Solld 
-hods can use a ra^ of ^o(h the hybridization and biotin/streptavidin (or avidin) 

' caose the re Z fit ^ * *"* ~"' - 

~ reW i,hi„:;i t a *-* — - * 

,e hioth^din (M aCraeTirr^T:"'^"^ 
performed onder re ,,„ V e,y miH ^ ,„ ,„ ^ "* " " 

a .inker molectde co m ec, ing the hiotin a„ d lhe J" ^ " " " 
*• t-e Wfc, a more labjle glycosjd . ^~ ' *-»* *> *• within 

teplacemen, o f phosphate Z ^^J, ^ ^ ^ ^ 
* 3' end. is „J k „ ^2^' eT f ^ 

Improving Mass Accuracy by Intf»* 4 . r 

RACY BY INTERNAL CALIBRATION AND INTERNAL SELF-CALIBRATION 

Mass spectrometers are typically ca.ibrated using analyses of know 

dbsociated mass accuracy and Drecisinn * ■ 
mass spectrometry system (including- MALDI-TOF MS> „ ■ e ' Ve " 
analyses of know , mass are cental ned with ^ Ca "" y l " Wd if 

raassfes, The mclusion of dT 1 "** *" - * ! » ° f 

— Lh^rzLt^rrjTfr ,he samp,e is refcTCd ,o - - ° f 
- - * - - adds of ^rz : k :iz:::~;r 

spectrometer, are analyzed separately Extern,! ru ' 358 

Pdraieiy. bxternal cahbrants can also be used to i m „ m , 
accuracy, but because thev are nn, ^ • improve mass 

they are not analyzed simultaneously with the set of targe, nucleic »riH r 
unknown mass, they will not increase m a « ds ° f 

Hid , not increase mass accuracy as much as internal calibrams do Another 

disadvantage of using external calibrams is ihat it ren„i,, 

quires an extra sam P'e to be analyzed hv th» 
mass spectrometer. For MALDI-TOF mq ., analyzed by the 

MALDI TOF MS. generally only two calibran, molecules are needed for 
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com pl e,e cafibradon, although someone* U«e or more m ^ A|| 

-Mta. of ft. invCTlion descrjbed hcrein ca „ h ^ ^ ^ ^ 

cahbrants to provide improved mass accuracy. 

peaks corresponding ,o the « of sin,., slrand ed a.phfi.d .arge, n^ acids under ^ „ 
no po^orphism is p^n, in any of ^ ^ ^ ^ ^ rf ^ ^ 

™d,ng ,o ,he notified ,arge, nucieic .ids wi,, be a, „ ha ^ rahos assoL, 
w.h ,he so, of an, P ,ified u^e, nucleic aoids fr„ m ,h. wU d lyP e ^ nuclc , acid , „„„ 

P-fa- -W« of ,he invenUo, a seif-caiihrahon nigornhao uaea ,h csc „ onpolymorphic 
or _ .arge, „ uclelc acids fo( ^ ^ ^ ^ 

anaiys, o, ,he s.ngic-anandad arap „„ ed ,arge, nuCeic acds confining . 

— no added caiibran,,,,, sunning Ihe ^ a „ d avoidinB ^ ^ 
over aps. In a g,ve„ ^ nowever . wj| , „„, fc ^ ^ ^ 

- ahered or shifted from rheir expeered mass es for ,he wi,d , yP e U rge, nucie.c aeids 

^ a'.omhm begins hv dividing up ,he observed mass peaks ,„,„ 

s bse, has a d.fieren, one . r ,„o m ass peaks d e,e,ed ft™ eonsideradon. Fo, each subse, ,he 
algornhn, divides .he subse, further i»,„ a firs, group of ,wo or ,hree masS es which arc ,he„ used 
>o geneta,e a new S e, of cahbranon _ a„ d a second group which win serve as ah ime^a, 

h deference be,wee„ ,he * v.,„ea ca , oulaMd for lhe Mcond eroup „ f _ J 
*. «*- co TCS po„ d i„g ,„ reasons choices for ,he assoe.a.e. wi ld . tyP e , ar g el nuclcjc ^ 

r~ C0 T cy chcck ca " thus ,ake * e fom or a chi -^ re — - 

~ " *" ~" ™« «- *» subse, has ,he iowes, sun, 

of^ ^uares „, ,hese .oas donees resuhing in . choice of oplimjzed 

associated w,th grou P one of this data subset. 

d—'f ne 7' r " op,imi2ed ca,ibra,ion ~ - ih = — - 

ntTe d ^ 0mi " £d ^ ** ^ ^ ^ - *■ targe, 

;;t T ,ed *° con,ain a po,ymorphism ' ™ e mm ™ - - — - 

P-ka ,or ,he w„d , ypa ^ ^ nuc|c , c ^ ^ ^ ^ ^ ^ 
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Po» m „ preseM , if so, „ha, * nature of „ is m 

of ddehon, mserimn, or ^ ^ ^ n e ^ 

massaccuracy of approximately 1 pan in IO ,ooo. y '" d 3 

TT.e medmds described herein pe™, MALDI-TOF MS analysis of , 

use of ,», OT al self-cafibrnms makes i, possiw, , 0 exIend m , ' '° m - Thc 

P0.en.ia.ly beyond 30,000 Da or 100 bases This m " '° " 

for improving ,he res „lmio„ of individual nu deSCnbed h = ra " - ™*o* 

« complement pairs .h^h I ^Z^ZT^T' 
and .he inco^rahon of mass-modified nuclides IO ^ 
** *- amplified ^ nucleic acids ^ ^ 

ior me removal of unwanted nucleic acid fraements nrinr 
analysis. fragments pnor to mass spectroscopic 
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M -^"-M-Aca J1 ucv, ANDTI1£USEOFMASS . Moi)IFlEoNu 

i;:r enB of ,hc inven,ion ^ ^ « — ™ 

nrndificafions ma. change tneir _ ^ „ C^tL 

enzymanc and nonen.ymanc processes used for me am pl if,ca,ion of urge, „ uc , eic ^ 
Fo example mass-modified nuclides - be able ,o be incorpommd y DNA^or ^ 
polymerase during amplif.ca.ion of me targe, nucleic acid. Momover ,he T 
— des m« no, « bil _ ^ „ fc ' ~*«- 

= * specific cteavage bv ^ £ndonuc ,_ whM J such ^ 
mod,f,ca„ons can also be ir.orpom.ed in me , a , eel nudeic acids „ ^ 
enzymahc steps have been concluded, for example, a number of small chemica cl 
■nodify specific bases, such as xemoxal or formaldehyde 
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Any or ..I of ^ „ uc , e01idts jn fc ^ ^ ^ ^ ^ ^ 

nccessan-. increase the spread between their masses. „ has ^ ^ ^ ^ 
•he C5 position in pyridines or lhe N7 ^ „ ^ do ^ ^ ^ 

mm growing nueleic acid chaios by DNA or RNA polymer (Ue « „/., ,992). For example 
an oc.y„yl moiety can be used in place of methyl on rbymidine to alter the mass by 94 Da 

Mass-modifying groups can be, for example, halogen, alkyl, ester or polyester, ether or 
polye.be, o, of ,be genera, type XR, wherein X is a linking group ^ R is . 
group Tbe mass-modifying group can be used to mmoduce defined mass increments into me 
targe, nucleic acid, One of ski,, in ,ba an „„, recognize tba, ,hc re are numerous possibilities 
for mass-modifications usefir, in modifying nuc , eic acid fragmen , s or oligMludemides 

^escnbed in Oiigonucieotides and Anaiogues: A Pmcfica, Approach. Eckstein ed. (Oxford 
.991, and in PCT/US94/00I93, which are both incorpomted herein by reference 

A. larger mass ranges (30.000-90.000 Da,, the mass resolution and mass accuracy of 
cutren, MALD1-TOF mass spectrometers wil, nol ,y pically „ ^ „ ^ , sing|e ^ 
ctangc. For .his reason, i, may be prefemble to increase the useful mass range artificially by 
substring standard nucleotides within a urge, nucleic acid with mass-modified nueleottdes 
havtng signified larger mass differentials ^ ^ 

to the mass range below 30,000 Da. Mass modificat.on can generafiy increase the puaJity of the 
mass spectn, by enlarging the mass differences between different amplified tame, nucleic acids 
of strndar stzc and composition. For example, mass-modified nucleotides can increase the 
munmum mass difference between .wo amplified target nucleic acids tha, happen to be identica. 
- base composition except for a single base whtch is an A in one and is a T in the other 
Nonmaily, these two urge, nucleic acids win differ in mass by only 9 Da. By replacing one of 
.he bases with a mass-modified vetaion during ampltfication. the mass difference can bo > 20 Da 
The tllustmtions of spectra in FIG. 2A and FIG. 2B depict the influence mass-modified 
nuclides can have on ,a,ge, nucleic acid resolution. O. example of the many possible mass 
modtfioarton, usefu, |„ invenlion „ fc use „ ^.^^^ 

mynttdtne. The replacement of a methyl group by heptyny, changes me mass of this pabular 
nucleottde by 05 Da. An A to T transverston in a nucleic acid in which al, thymidine bases have 
been replaced with 5-<2.„epty„yl>.deoxyu,id,„c would produce a peak shift of 56 Da as opposed 
to Da for the same nucleic acid fragments without the mass-modified nucleotides The use of 
mass-modified nueieotides is especiafiv .mponan, in ,he analysts of single-stmnded target 
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nucleic acid, derived from RNA. Normally, ,he masses of C and U va* by only , Da ma.i , 

pracically impossible !„ dettd C to U or U ,„ r ■. , . 8 
nudeic acid. ^ P °' nt "° l ""»'Phis TO wiUrin a grven ^ 

Each of Ore ,echoi,„e S described herei „ . bc u$ci .„ 

combme ,he drfleren, aspecrs of ,he invention. Al | of ^ maho6s 
Kits 

The presen, invention also includes kits for preparing n-Ceic acids for mass 
fi rand „, one of sa,d rarge, nnclerc acids a, a region , ,o a region of in.erea, ofsaid 

HT a T pri,,Kr ^ of bindine * sccond s,ra - d <° m "— » - rZ 

y a. regron 5 . , 0 M regio „ of ^ ^ ^ ^ ■ 
„, emending said primers ,o form primer exlensmn produce of sa,d firs, 1TZ 
P«« -d a reaction endonuclease capable of reducing ,e„g,h of amp.ified ^ Z 
ord, The reaction endonuclease can be a ,ype „ Action endonuclease or a Typ! tl s Z 

2*""" " " biWinylaKd ' ^ — "" « - «» ^ .1 may als « 
- yon capable of selectively binding eUher a positive s,ra„d or . „ cgatlvc ^ 

compns.ngrhereg.onoflmeresrofana.pnfied^nuc.eicacids.andamarri,!.:; 

one of IT""" T^"'" ' k " COraPmK 2 ^ PrimCT CaPab ' e ° f **» « *• — of 
one of sard rarge, noclerc acids a, a region , ,o a ,eg,„„ ofinttres , of said , argel nuc|cjc 

eeond pr,me, capable of binding a second srmnd complementary ,o said firs, araKl ^ 

5 o sard reg,„„ of inreres, ofsaid .arge, nucleic acid; a 0NA polymerase capable of ertiZ 

-d prnners ,„ lorn, prinre, elusion prod uc, s ofsaid fi. and second primers J^nZ 

elude .hose comprrsmg a chemically cleavabie si,e. an exonuclease blocking moiery a Type 

a,, or a, leas, one biotin. bu, does no.Lude ^ 

-T"" si,e wherc ° nc ° f ,he — ~* 
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• The following examples are provided to illustrate embodiments of the invention, but do 
not limit the scope of the invention. 



EXAMPLES 

Example 1. PCR Amplification of a Single Target Nucleic Acid. 

An example PCR protocol that may be employed in this invention is as follows. 
A sample containing 10-10,000 copies of a source DNA may be mixed with two antiparallel 
DNA primers that surround a target nucleic acid, e.g. the coding region for a gene involved in 
carcinogenesis. The target nucleic acid may be any sequence that is known or suspected to be 
polymorphic, including STRs. SSLP, and genetic deletions, insertions, or point polymorphisms. 
The PCR mix may typically be composed of: 8 M l 2.5 mM deoxynucleoside triphosphates. 10 ul 
10X PCR buffer. 10 M l 25 mM MgCl 2 , 3 ul 10 uM forward primer, 3 ul 10 uM reverse primer, 
0.3 ul thermostable Taq DNA polymerase, 64.7 ul H 2 0, and 1 ul source DNA. The sample tube 
may then be sealed and placed into a thermal cycling device. A typical cycling protocol is as 
follows: 

Step I 95°C 2 min. 

Step 2 95°C 15 sec. 

Step 3 55°C 15 sec. 

Step 4 72°C lmin. 

Step 5 repeat Steps 2-4 35 times 

Step 6 72°C5min. 

Step 7 stop 

Example 2. Production of Single-Stranded Nucleic Acids by Asymmetric PCR. 

The basic PCR procedure of Example 1 can be modified in order to produce 
predominantly one of the two strands. These asymmetric procedures involve modifying the 
ratios of the two primers, a typical ratio is 10:1. These procedures are described in Molecular 
Cloning: A Laboratory Manual, Sambrook ei aL 1989 (incorporated by reference herein). 
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Example 3. Pr^ucion of Singl«-S t r»„de«i DNA via BMn,,.,* PCR Predllcls 

For me pmparaUon and capmring of ^ ^ nucleic ^ „ , ^ 
of t. .wo prime used in PCR amp.inca.ion may be symbesized „i,h a bioun moie, v imemally 
or a, .be , end of.be oligonucleodde. F„„„ wing . standanf ^ ^ dDub|e . stranded 
can be bound ,o a solid-phase surface coa.ed wi,b suepuvidin. For example, , 0 pmol of double- 
«mn cd CR produc. is mixed wHh 5 p, of ,0 mg/m, pammagneuc S u,p B vidi„.coa,ed beads in 
a bmdmg/wasbing buffer of 2.0 M Nad, .0 mM TrisC , mM EDTA, P H 8.0. Tbe solubon is 

Z a,ro ° m '~- *- * -oba.ion.be .ubeisp^d 

ex .o a b,gb field, rare eanb magna, and me paranoic beads wim me bound bio.inyla.ed 
PCR produc, are precipi,a.ed ,o .be wa,, of .be .ube. Tbe supemamn, is rem0 ved. and me 
pamclea^ouuide .be i„„ue TC e of me mag„e,ic fie.d. are responded imo binding^ 
offer. ".0 ^s and wasb solurion are mixed and men subjeced once again ,o 
« - prec.p„a.e .be magncic pandcle, Tbe supemamn, is once again .amoved and ei.be, ,be 
-CP , repeat or .be alkaline dena.ura.ion s,ep commences. To release me unbio,m y ,a,ed 
. and from ,be doub,e-s.ra„ded produc, .be beads are mixed „i,b an a,kali„e de TO ,uL„ 
soluuon sucb as, 0, M NaOH. Tne beads are ,„cuba,ed a, room .emperamrc f„, ,0 min wbich 
denamres ,be PCR produc. and releases .be „„bio,,n„a,ed produc, imo solmion Tbe 
b,o.,„ y ,a.ed snand. bound .„ .be magnedc beads is precipiurcd f rom thc solu[io „ ^ 
magneuc field and u„bio,i„ y ,a,ed s,ra„d. now si„ g ,e-,ra„ded, can „p„o„a„y be .ransfcrred ,o a 
new .ube wi,b ,he superna.an. and readied for mass spec.rome.nc analysis. 

The bound si„ g ,e. s ,ra„dcd mfUU ^ ^ ^ ^ ^ ^ 
,mpmvidi„_,cd beads using one of a number of differen, procedure, Tbese procedures 
mclude dena.ura.ion of bio.in/s.mpravidin bond by nea, dena.um.ion (95 K for 5 min , or ,„e 
« of a denamran, sucb as NaOH „ mM NaOH for , 5 min. a. o5=C,, and use of a secondly 
deavable sue, sucb as a disulfide linkage „00 mM DTT (di,bio.hmi,o„ for ,5 min. a, room 
■emperamre, or a 5' .biolamd nucleoude «M m M AgN 0) for ,5 min. a, room .empcm.me) 
present within the primer. 

Example 4. Mass Modification of Target Nucleic Acids. 

Mass modification of the target nuc.eic acid is typically performed during the 
amphficanon step. One or more standard deoxynucleoside triphosphates are replaced with 
modafied deoxynucieoside triphosphate, As an examp.e thymidine may be rep.accd with a 5- 
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triphosplia , £ . Because lhe ^ nuc|coiidK 

*" ** ° NA k <-> " «— a .o incease ,he concennafion of 

"responding triphosphate^ a fac.o, of 2 to 1 00 over normal levels. 

Example 5. An.,,,,* af Slngla-S.randad AmpUBed T.„„„ cfel)lide Reptll Regio „ „ 
THOI Gene. 

A sample of human genomic DNA is subjected ,o PGR ampfificaoon win, ,hc primer 
parr: ,SEQ ,D NO: 2, 5'-Bio,i„.GTGATTG C CATTGGGGTGT<sT ) CCTC-3. and < SE Q ,0 ^ 
5'- AGTGCAGGTCACAGGGAACACAGA-3', which selective* amp,,, ,he JLJZL 
rcpea, rcg.cn of ,he , yTO i„e ^ „, g ene „ give 90-1 14 bp PGR products wham 
ST .s 5 -,h,o,a,ed thymidine, also Known as 2'-deoxv,h y midinc- 5 , (S >phospbo ro ,hioa,c (see FIG 
.6). These PGR amplified urge, nucleic acids are abou, 0 facror of 2 smaller producs than 
current commercial* available primers provide The PGR reaction is performed on a 50 uL 
-la using ,7, pmo, of each primer and 50, 00 „ oflCTnplalc . 30 ^ 

^ " ^ 2 ^ ^ "" « * «— ' * fo, 30 s and then 

7- C fo, 30 , A fmal step a, 72°C for 5 min is added to complete the reaction. The b,oti„ y ,a,ed 
product „ bound .0 stteptavidin-coated magnetic beads MPG (CPG Inc., Great Neck. NY, and 
then subjected .0 donation conditions of 0., M NaOH fo, ,0 mimi ,e, Thc Mnd . suppo „. 
bound single-stmnded ,a,ge, nucleic acid is then subjected to extensive washina with ,0 mM 

aM,a,e dSi °"' Kd — ^ amplified targe, nucleic acid is 

then tdeased ftom the beads h y Ceavage of the P-S bond in the cleavable prime, w,,h „ , mM 

AgNO, After 2 pL of ,00 m M dithiothmitol is added ,„ seoueste, the Ag^ ion. the sample is 
evaporated ,0 d^ncss in a Speed-vac concern™,. Fo, a„a, y s,s. one sample is ,ediss„„ed in 
PL da, onK ed H; 0 and is mixed wh I M L of matrix solution consisting of j.„p A 
P-hyd^picolinic acid, in acetomtri^O 1:1. The sample is deposttad onto a silicon stage 
dnad unde, a gentle flow of „ itro g en M() is placed iM0 ^ ^ 

The experimental apparatus osad fo, anting the sample amplified unge, nucleic acids 
,s composed of ao exo.ta.ion soume. a sample manipulato, and a TOP mass spa™, T1,e 
exc.tatton souma used fo, deso.p lio „ is a Nd.YAG ,ase,. The laan, is o P e,a,ed at a ,0 Ha 
-pe.tt.on m.e, with a 5 nanosecond p„,sa width The desn^on ,aae, bean, mainlined a. an 

sphenca, minw ,„ an elliplica| sp0 , rf apprMimalely m fcy ^ ^ 
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polarizer (Newport Corporation, Fountain Valley, CA) is placed in a rotation stage in the beam 
path for continuously variable attenuation, allowing adjustment of the polarized Nd. YAG laser 
energy density from below 1 mJ/cm 2 to .00 mJ/cm 2 . The optimum energy density for desorption 
is in the range of 10 to 20 mJ/cm 2 . 

Mass spectra are recorded in positive-ion mode at room temperature. The sample region 
is evacuated by a 300 liter per second turbomolecular pump. The drift and detection regions are 
evacuated using a cryopump with nominal 1500 liter per second pumping speed The base 
pressure of the chamber is 3 x 10* Torr, and the normal working pressure, within about five 
mmutes of sample introduction, is 5 x 10« Torr. A total of ,00 laser shots are summed to obtain 
a spectrum. The spectrum shown in FIG. 13 reveals two clear peaks corresponding to an 84-mer 
and a 91-mer, which are the expected product sizes corresponding to 8 and 9.3 repeats with one 
extra adenine base added to the 3"-end of each, due to the well-known property of To, DNA 
polymerase to yield one-base over-extensions. The two peaks arise because the final sample, 
though single-stranded, derives from amplification of a heterozygous allele. 

Example 6. Comparison of mass spectra for a single-stranded amplified THOl ladder of 
nucleic acids and a single-stranded amplified THOl ladder that have had their lengths 
reduced by endonuclease cleavage. 

A 1 uL sample of THOl ladder (Promega Inc., Madison, WI) which contains PCR 
products ranging in sizo from 1 79-203 bp is reamplif.ed in a 100 uL reaction volume according 
to the same amplification protocol as described above for genomic DNA to yield a ladder of 
products in the size range of 90-1 14 bp. One half of the product mixture (amplified target 
nucleic acids) is bound to streptavidin-coated magnetic beads, denatured, washed and cleaved 
from the beads as described in the previous example. The other half of the product mixture is 
then bound to the streptavidin-coated magnetic beads and washed. Then, 2 uL of 10X NEB 
Buffer 4 is added to the second half of the amplified target nucleic acids, followed by the 
addition of 16 M L of H 2 0 and 20 units of Nco 1 restriction endonuclease (New England Biolabs, 
Beverly, MA) recognizing CCATGG. This restriction endonuclease was chosen to reduce the 
length of the amplified target nucleic acid because the amplified target nucleic acid contained a 
Nco I recognition site (in the wild type or consensus sequence) which was located in a flanking 
region and not in the region of interest. The mixture is incubated at 37°C for 1 hour after which 
the enzyme is washed away, the amplified target nucleic acids are bound through biotinylated 
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primers, denatured, washed and single-stranded amplified target nucleic acids are then cleaved 
from the beads with AgN0 3 . The restriction enzyme-digested ladder has a size range of 40 to 64 
bases as a result of the enzyme cutting 3 bp past the end of the final CATT repeat. Samples of 
both undigested/full-length and digested/reduced-length products are prepared for mass 
spectrometry analysis by reducing the volume by evaporation and adding 1 uL of 3- 
hydroxypicolinic acid matrix solution and allowing to dry on the sample plate. The resulting 
pos.nve-.on mass spectra of the undigested and digested ladders are shown in FIG. 14 and 
FIG. 15, respectively. The mass resolution of the peaks for the digested ladder (FIG. 15) is much 
greater than that for the undigested ladder (FIG. 14). This is due to the use of Nco I to reduce the 
length of the single-stranded amplified target nucleic acids that were subjected to mass 
spectrometric analysis. 

Example 7. Mass Spectrometry Analysis. 

The single-stranded amplified target nucleic acid sample to be analyzed is typically 
m,xed with an equal volume of matrix solution consisting of 0.5 M 3-hydroxy P icoiinic acid (3- 
HPA) and 50 mM d.ammon.um hydrogen citrate. Typically, a 1 uL portion of the sample is 
applied to the mass spectrometer sample stage and allowed to dry under a gentle stream of 
mtrogen gas at room temperature. When the sample has completely dried to form crystals 
(typically 5 min.) the sample is inserted into the mass spectrometer for analysis. The usual 
analysis conditions employ the use of a Nd: YAG laser opcraung at 266 nm with an average pulse 
energy of 15 mJ/cnr. An average of 100 laser shots is typically used to obtain a spectrum. 

All publications and patent applications mentioned in this specification are herein 
mcorporated by reference to the same extent as if each individual publication or patent 
appl.cat.on was specifically and individually indicated to be incorporated by reference. 

The invention now being fully described, it will be apparent to one of ordinary skill in the 
art that many changes and modifications can be made thereto without departing from the spirit or 
scope of the invention and the appended claims. 
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SEQUENCE I ISTliVf? 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) NAME: GENETRACE SYSTEMS, INC. 

(B) STREET: 333 Ravenswood Avenue, PN 083 

(C) CITY: Menlo Park 

(D) STATE: CA 
<E) COUNTRY: US 

(F) POSTAL CODE (ZIP) : 94025 

(G) TELEPHONE: (512) 418-3000 

(H) TELEFAX: (713) 789-2679 

(iii) NUMBER OF SEQUENCES: 2 

(IV) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

C) OPERATING SYSTEM: PC - DOS /MS - DOS 

S0PTWAR ^ ^tentln Release *l.o, Version #1.30 (EPO) 
(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER : US 08/759 993 

(B) FILING DATE: 02-DEC-1996 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 60/032,369 

(B) FILING DATE: 02-DEC-1996 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/715.582 

(B) FILING DATE: 19-SEP-1996 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION :1 

tW OTHER INFORMATION : /note= -3. end is biotinylated" 
(ix) FEATURE: 

(A) NAME /KEY : modified base 

(B) LOCATION: 20 

CD! OTHER INFORMATION : /note= -5 ■ -thio-thymidine- 
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- (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1; 
GTGATTCCCA TTGGCCTGTT CCTC 

24 

(2) INFORMATION FOR SEQ ID NO: 2: 

U) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 24 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
AGTGCAGGTC ACAGGGAACA CAGA 

24 
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]. 



A method of determining the mass of a target nucleic acid by mass spectrometry analysis 
comprising: 

a) identifying a target nucleic acid, wherein the target nucleic acid comprises a 
region of interest and one or more flanking regions; 

b) reducing the length of the target nucleic acid by cleaving at least a portion of one 
or more of said flanking regions to produce a reduced-length target nucleic acid- 

c) obtaining a single-stranded reduced-length target nucleic acid; and 
determining the mass of the single-stranded reduced-length target nucleic acid 
using a mass spectrometer. 



10 d) 



2. The method of claim 1 , further comprising amplifying the target nucleic acid prior to 
15 reducing the length of the target nucleic acid to produce an amplified target nucleic acid. 



3. The method of claim 2, wherein the reducing step comprises using a restriction 
endonuclcase capable of cleaving at a cleavable site. 



20 



25 



4. The method of claim 3. wherein the restriction endonuclease is a Ty pe IIS restriction 
endonuclease. 



5. The method of claim 3, wherein the restriction endonuclease is a Type II restriction 
endonuclease. 



30 6 



The method of claim 3, wherein the amplifying step comprises using a cleavable primer 
comprising a recognition site for the restriction endonuclease. 
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7. The method of claim 2. dre amplifying aep comprises ^ . deavab|e er 

comprising a cJeavable site. 



8. ^-^«f^n,7.„ he ™ fathe ^ ingslepcom ^ seslreal . iigihe 
miclerc acids w,lh a 5' io 3' exonirclease. 



10 9 The method of claim 7, wherein me reducing s,ep comprrsea cleaving a, a chemrcally 
cleavable site. 3 



10. The method of Cairn 9, wherein ,he chemically cleavable si,e comprises a modified base, 
a modrfred sugar, or a chemically Ceavah.e group i„ conJoraIcd int0 ^ 



II ■ The merhod of claim 1 0, wherein me chemically cleavable aire comprises a chemically 
cleavable group. 



20 



12. The method of claim 1 1, wherein the chemically cleavable group comprises 
dtalkoxysilane, 3'-(S)-phos P horothioate, 5-- ( S)-phos P horothi 0 at C> 3'-(N)- P hosphoroamidate, or 



5'-(N)-phosphoroamidate. 

25 
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13. The method of claim 12, wherein the chemically cleavable group comprises 3'-(S)- 
phosphorothioate or 5'-(S>phosphorothioate. 



H. The method of claim 10, wherein the chemically cleavable site comprises a modified 
sugar. 
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1 5. The method of claim 14, wherein the modified 



sugar comprises ribose. 



16. The method of claim 2. whetem fc amp „ Tlcd targe , nucle|c ^ ^ 
stcaod and a second complementary sttand and the obtaining step comprises- 

a) anaching „ e firs, strand of the amplified targe, nucleic acid to a solid support- 



and 

10 



b) separating the first strand ft™ lhe xconi ^ „ ^ a ^ ^ ^ 

and an unbound second strand, wherein the mass of me unbound second strand is 
determined using a mass spectrometer. 



15 17 The method of Cairn , 6, wherein lhe reducjng aep ^ a ^.^ 

endonuclease capable of cleaving at a cleavable site. 



II. Tlte method of claim wherein (he restriction endonuclease is a Type IIS restriction 
endonuclease. 



». The method of claim 1 7. wherein me restriction endonuclease is a Type H testriction 
endonuclease. 



25 



30 



20. The method of claim 1 7, wherein the amplifying step further comprises using a cleavable 
pnmer comprising a recognition site for the restriction endonuclease. 



21. The method of claim 16, wherein the amp.ifying step further comprises using a cleavable 
pnmer comprising a cleavable site. 
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22. The method of claim 21 wherein th*~A • 

wu, wherein the reducing step comprises treating the amnlifleH 
target nucleic acids with a 5' to 3' exonuclease. P 



21 ThCme * 0d0f ^ 
» 0 24. The method of claim 23, wherein the chemically cleavable site en ■ 



15 LJ^*~ H ~*^--~*— 



20 d 6 ,, ^ me ' WOfClaim25 ' W ^ i " lhe ^^" 8ro „ 1)conip[ises 



or 



25 L „ Th r h ° d ° f Clai,,, % ^ " ClKmiCaUy -PH- 3HS, 

25 P h °^'<»l"oa le or5HS)-pho S phoro 1 hioatt ' ' 



"Won contains avidin or sttepBv idi„. ' SOl ' d 
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29. TV memod of claim 2 8 when*. lhe ampfified ^ nuc|ejc acjd a 
modified nucleotide. 



5 30. The memod of claim 25. wherein fc chemically cleavab , e ^ f ^ 



31. ™«™*»«iofclaim30,whe re i nl hem w lifl e d S u garcon , pri!iesrjbos<! 



32. The memod of claim , 6, wherein me fi ra strand „ bio , inylal£d „„„ ^ ^ 
support contains avidin or streptavidin. 



33 The method of claim ,6. wherein me amplified targe, „„ cl eic add comprises a mass- 
modified nucleotide. 



34. The method of clai m , 6, wherein said determining step further comprises utilizing 
internal self-calibrants. 



35^ The memod of Cairn 2. wherein me amplified urge, nucleic acid comprises a firs, stt *,d 
and a second complememao- smnd a„d lhe obBining SKp 

•) anaching me firs, s,rand of me amplified huge, nucleic acid * a solid support- 

b) separaung the fim smmd ftom ,he second suund ,o produce a bound firs, srrand 
and an unbound second strand; 

c) removing the unbound second strand; and 

0 releasing the bound first strand from the solid support to produce a single- 
stranded reduced-length amplified target nucleic acid for mass spectral analysis. 



WO 98/12355 



54 



PCT7US97/I710I 



36. The .chod of c laira 35. whe rei „ fc relM!j „ 8 aep ^ ^ , ^ 



5 37^ ^-^ofclain,^^^^^ 
endcucleasecapableofdeavingauctovablesitt. 



»■ The method of Cairn 37, whe rei „ u,c r « Wclion 

endonuclease. yp restriction 



15 



20 



40- Tne method of Cain, 37, wherein the am P ,if ying step further comprises 
pnmer coding a recognition site for the restriction endonuclease. 



41 The method of claim 35, where, the amp,if ying s(ep further comprises 

pnmer comprising a cleavable site. 8 C,eavab,e 



25 42. The method of claim 41 wherein th» i 

ta , , . ' n ^ reducm 8 ste P com P"'ses treating the amplified 

target nucle.c acids with a 5' to 3' exonuclease. 



^ 43. m method of claim 4 . , wherein fc cieavabig sjte comprises a chemica)iy ^ ^ 
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44. The method of claim 43. wherein we che m ica„ y cleavable sjK 



10 46. fc*^^^^ 



' 5 r „ *r of cia,ra 46 - wherein *- * ^ 3Hs,. 

phosphoro.h,oate or 5HS)-phospho ro ihi M tt 



48. The memod of Cain, 47. wherein fc flrst s , rand „ 
20 suppon contains avidin or strepiavidin. em we solid 



25 



^ The me.hod of Cairn 44, wherain me cnemica,,, Ceav^e si,e comprrses a modiHed 



30 

51. The method of claim 50, wherein the modified 



sugar comprises ribose. 
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52. n. method of Cairn 35, whe rein fc first ^ „ ^ 
support contains avidin or strcptavidin. 



10 :lzz^ 35 -^^^^^ 



55. A method of preparing a double-stranded laraet n.,H~ • j <- 
'5 ana lysis comprising: dai -SC nuclcc ac,d for mass spccoomcric 

a) ampiifying . ^ nucleic Kjd „ ^ ^ ^ ^ ^ 

whercn the ampiifrcd Urge, nucleic acid comprises a firs, snand and a second 
complementary strand; 

b) anaehing the firs, ^ of ^ ^ ^ ^ ^ _ ^ 

produce a bound firs, sttrmd and an unbound second snand; 
0 removing me unbound second strand from lhe firs| ^ 

d) leasing me bound firs, s,rand from me solid support to form a singled 
amplified target nucleic acid; and 

e) determining the mass of the single-stranded amplified 



20 



25 -"s-^ranaeaampimed target nucleic acid using a 

mass spectrometer. 



56. The method of claim 55 wherein »k» «i 

aim », wherein the releasmg step comprises using a cleavable linker. 



30 



57. TV medHtd of daim 56, wherein said defining does no, involve sconcing of the 
amplified targe, nucleic acid. ncngoitne 
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58. The method of claim 55, wherein the releasing step comprises using a restriction 
endonuclease capable of cleaving at a cleavable site. 

5 



59. The method of claim 55, wherein the restriction endonuclease is a Type IIS restriction 
endonuclease. 



10 



60. The method of claim 59, wherein the restriction endonuclease is a Type II restriction 
endonuclease. 



15 61. The method of claim 58, wherein the amplifying step further comprises using a cleavable 
pnmer comprising a recognition site for the restriction endonuclease. 



62 . The method of claim 55, wherein the amplifying step further comprises using a cleavable 
20 primer comprising a cleavable site. 



25 



63. The method of claim 62, wherein the releasing step comprises treating the amplified 
target nucleic acids with a 5" to 3' exonuclease. 



64. The method of claim 62, wherein the releasing step comprises cleaving at a chemically 
cleavable site. 



30 
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65: ^^odofclain,64,whe re i„ lhe ch OTi ca, Iy c,eav3ble s i,eco m pris« am od i ned 
base, a modified sugar, or a chemically clcavable group i„corpora,cd into the phosphate 
backbone. 



66. The method of claim 65. wherein the chemically cleavable she comprises a chemically 
cleavable group. 



10 67. The method of claim 66, wherein the chemicaUy cleavable group comprises 

diantoxysilane. 3HS,p„osp„oro,„ioa K , 5^ph„ S p„ orolnioatt . 3,rN>phosp h oroamida,c. or 
3 -(N)-phosphoroamidate. 



15 68. The method of claim 67, wherein the chemically cleavable group comprises 3'-(S)- 
phosphorothioate or 5'-(S)-phosphorothioate. 



69. The method of claim 69, wherein the first strand is biotinylated and, wherein the solid 



20 support contains avidin or streptavidin. 



25 



70. The method of claim 69, wherein the amplified target nucleic acid comprises a mass- 
modified nucleotide. 



71. The method of claim 65, wherein the chemically cleavable site comprises a modified 
sugar. 



30 

72. The method of claim 7 1 , wherein the modified 



sugar comprises ribose. 
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73. The method of claim 55, wherein the first strand is biotinylated and, wherein the solid 
support contains avidin or streptavidin. 



74. The method of claim 55, wherein the amplified target nucleic acid comprises a mass- 
modified nucleotide. 



10 75. The method of claim 55, wherein said determining step further comprises utilizing 
internal se I f-cali brants. 



76. A kit for preparing a double-stranded target nucleic acid having a first strand and a 
1 5 second complementary strand for mass spectrometric analysis comprising: 

a) a first primer capable of binding the first strand of the target nucleic acid 5' to a 
region of interest of the target nucleic acid; 

b) a second primer capable of binding the second strand of the target nucleic acid 5' 
to the region of interest of the target nucleic acid; 

20 c) a DNA polymerase; and 

d) a restriction endonuclease. 



77. The kit of claim 76, wherein the restriction endonuclease is a Type II restriction 
25 endonuclease. 



78. The kit of claim 76, wherein the restriction endonuclease is a Type IIS restriction 
endonuclease. 

30 



79. The kit of claim 76, wherein the first primer is biotinylated. 
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80. The kit of claim 76, further comprising a solid support capable of selectively binding the 
first strand of the target nucleic acid. 

5 



81. The kit of claim 76, further comprising a matrix. 



10 82. The kit of claim 81. wherein the matrix comprises 3-hydroxypicolinic acid. 



83. A kit for preparing a double-stranded target nucleic acid having a first strand and a 
second complementary strand for mass spectrometry analysis comprising: 

a) a first primer capable of binding the first strand of the target nucleic acid 5' to a 
reg,on of interest of the target nucleic acid, wherein said first primer comprises a c.eavable 



15 



pnmer; 



20 



b) a second primer capable of binding the second strand 5' to the region of interest of 
the target nucleic acid; and 

c) a DNA polymerase. 



84. The kit of claim 83, wherein the cleavable primer comprises a chemically cleavable site. 

85. The kit of claim 84, wherein the chemically cleavable site comprises a modified base a 
modified sugar, or a chemically cleavable group incorporated into the phosphate backbone. 



30 86. The method of claim 85, wherein the chemically cleavable site comprises a chemically 
cleavable group. 



25 
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< >-pho S pho rol h,o al e, 5HS>.p h „ S p horothioa , e . ?4w—i „ 
phosphoroamidate. 

5 



«. The kit of Cairn 87, wherein the che m ica„ y cleavable group uprises 3'-(S)- 
pho S phoroth.oate or 5'-(S)-phosphorothioate. 



10 



89. The kit of claim 83, wherein the clciv.hu ■ 

moiely C,CaVab,e P " mer com P" s « an exonuclease blocking 



'5 90. The kit of claim 83, wherein the cleavahu • 

. , re, n ^e cleavable pnmer comprises a Type IIS restriction 

endonuclease recognition site 



20 1 m ^ C ' aim 83 !mh " ' "W* "—My binding the 

first strand of the target nucleic acid. 



92. The kit of claim 91, wherein the first strand is biotinylated. 

25 

93. The kit of claim 83, further comprising a matrix. 



*• ^^ofc,a i m93,whe re inthematrixcomprise S 3-hydrox yp icolinicacid. 
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